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TO: All Apple /// User Groups 
Bb nm i 


FROM: Bob. Cummings, A/// Product Manager 
SUBJECT: "Apple /T I Service Reference Manual" 


DATE:.. May 16, 1984 


The enclosed’ "Apple /// Service Reference Manual" is for the exclusive use of your 
users group. We thought it would be beneficial to all of your members. iIt‘s our 
Way of saying "Thank you" for being such avid supporters of the Apple ///. 


Thanks again. 
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INTRODUCTION 


GENERAL DESCRIPTION 


The Apple /// is a personal computer for the professional. It has_ the 
capabilities to run very ‘involved programs since it can have up to 256K of 
RAM. The overall unit has been designed to incorporate the best features and 
options that make it a complete personal computer. The Apple ]j]{ emulation 
mode allows users to run most Apple ][{ software. However, minor modifications 
may be required for some Apple ][ programs or other peripheral devices. 


The base system has a full ASCII keyboard which includes a 13-key numeric key 
pad with two special function keys. There are four cursor control keys. The 
A/// has two special repeat features: 1) each key repeats when held depressed, 
and 2) a high-speed repeat is activated with the Solid Apple key. it's 
typewriter style keyboard is sculptured for maximum typing speed and accuracy. 


The Apple /// has a built-in disk drive (140K bytes) and controller which is 
capable of supporting three additional external drives without additional 
interfacing. One interesting feature is that the two drives may be en at the 
same time. This increases the disk-to-disk transfer effectiveness. The Apple 
{{/{ can also be used with "“Profile"- Apple's 5 Megabyte hard disk for mass 
data storage. 


A built-in RS-232 port, located on the back panel, allows you to connect the 
Apple /// to letter quality printers, high-speed data collection devices, 
modems, and other serial input/output devices using RS-232-C protrocol. The 
A/// has two joystick ports for games, sophisticated cursor control, or 
silentype operation. 


The Apple /// has 8 different modes of video operation. B/W Text in 40 and 80 
column, a 40 column 16 color text mode (where the foreground and background of 
each character can be defined). The Apple ][{ graphics rodes are duplicated 
and there are three more graphics modes: a super black and white Hi-Res, 16 
color Hi-Res, and 16 color medium resolution graphics. The eigth mode is 
actually a utilizatin of the color text mode where the user defines the 
character image and builds video images with these “character sets”. Since 
the video character generator is RAM, not ROM, as in the Apple }][, it provides 
the user with the capability of defining character sets to display whatever 
the user wants. Three video outputs are provided at the back panel; these are 
black and white, NTSC color composite, and RGB video fcr exceptional color 
purity and resolution. 


The Apple ///'s Central Processing Unit (CPU) can te “interrupted” hy 
peripheral devices whenever they require CPU control. Alternatively the CPU 
can poll the devices to determine which needs attention, thereby mrinimizing 
tne software required for peripheral control. 


There are more features in the Apole /// such as, a built-in clock/calender, a 
hardware beeper to simplify programming, a six-level D/A converter for gore 
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complex tone generation, and the duplication of the speaker function of the 
Apple ][. 


As you can see there are many onboard features that would fully load an Apple 
I[, yet the Apple /// has four expansion slots for additional user 
interfacing. As you read this document and learn how it works, you will 
appreciate its capabilities, design, and usefulness. 


SIMPLIFIED FUNCTIONAL DESCRIPTION 


The Apple /// is not an easy machine to understand. It has been designed to 
emulate the Apple ][ and has done many operations in a different manner, while 
adding many enhancements which contribute to its complexity. To understand 
the system structure it is best to start building functional blocks and gain 
an understanding of each separately, and then comprehensively. 


There are five major parts (modules) to the Apple ///. These parts are: 


1) Main Logic PCB - this board functions primarily as a processor and device 
controller. Many functions are integrated into the board, including 
the disk controller. 


2) Memory PCB - this board stores data/programs temporarily (until power is 
removed). 


3) Keyboard PCB - this is the primary input device provided to the user. 
4) Disk Drive - Mass storage device for storing data. 


5) Power Supply - provides the voltages and regulation required to keep 
everything else working. 


THE MAIN LOGIC BOARD 


The Main Logic Board is easily identified by its large size and mass 
quantities of integrated circuits (IC's). 


Referring to the block diagram of Figure 1.1 we encounter the microprocessor 
(MPU), Boot/Monitor ROM, address decode/select circuitry, the Versatile 
Interface (VIA) containing the bank switch register and the sound register, 
the VIA containing the environmental and zero page registers, the Asynchronous 
Communications Interface Adapter (ACIA), analog to digital circuit (joystick 
inputs), the expansion I/O slots, disk controller, keyboard encoder, video 
generator, RAM, RAM address circuits, and the system and video timing 
circuits. Whooo, now you see why it's so big! 


Figure 1.1 shows the Apple /// in it's simplest form and presents its expanded 
I/O capability. On the other hand, the System Functional Block Diagram 
displays the system in more detail and presents a sophisticated system using 
some highly unique designs. Some definitions have been provided for some of 
the terms used in the block diagram. 
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It is best to think of the Apple /// processor as more than just the MPU chip. 
The processor/controller is actually comprised of many components. The most 
significant of these are the MPU and the two VIA's. Because of the system's 
complexity and memory size, the MPU must have extended addressing. Extended 
addressing is accomplished thru bank switches, environmental register, and a 
zero page register. 


The Apple /// system is interrupt driven. In order to efficienctly use 
processing time, only those devices that allow programs access to _ the 
processor are serviced. In fact the processor can even totally mask (disable) 
the reset key. 


THE MEMORY BOARD 


The other PCB in the Apple /// is the memory board. It is mounted on the Main 
Logic Board by two rows of pin connectors. There are two distinct types of 
memory boards. The early memory board version is commonly refered to as the 
12V Memory Board. Below is an illustration of this board. 


THE 12 VOLT MEMORY BOARD (128K CONFIGURATION) 
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With the correct Main Logic Board configuration, this board can have up to 
128K RAM (without modification). The board uses 16K and 32K RAM chips. 


The latest memory board version is called the 5 Volt Memory Board. This 
board, illustrated in the accompanying pages, can be configured for 128K or 
256K RAM. The 5 Volt Memory Board, however, requires the correct Main Logic 
Board configuration. 
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THE 5 VOLT MEMORY BOARD (128K CONFIGURATION) 


THE KEYBOARD PCB 


This has to be one of the nicest keyboards around. The sculptured keys are a 
delight to touch. The Apple /// does not have an on board keyboard encoder - 
the keyboard encoder is on the Main Logic Board. The keyboard is basically a 
matrix of switches. The keyboard is connected by means of a 26 pin ribbon 
cable to the Main Logic Board. 


THE DISK DRIVE 


The disk drive is similiar to the Disk ][.- The major difference between the 
Disk ]{ and the Apple /// drive are the door, the bezel, and the Analog Card. 
Disk switch detection circuitry has been added to the Disk /// Analog Card. 
Through daisey-chaining you can have up to three (3) external disk drives. 


THE APPLE /// POWER SUPPLY 
The power supply, accessible from the bottom of the Apple ///, is housed in 


the casting. It is a “switching type" power supply that supplies the 
following voltages: 


o +5.0 VDC 
o +11.8 VDC 
Oo =-5-0 VDC 
o -12.0 VDC 


yet, it consumes less power than a 100 Watt light bulb. The power supply also 
has several protection features, ie. overvoltage protection. 
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MEMORY & MEMORY ADDRESSING 


INTRODUCTION TO THE APPLE /// MEMORY 


In looking at the Apple /// and its memory we are immediately posed with the 
problem of how the 6502 processor can handle 128K of RAM, 4K of ROM, and a 
heavy array of internal and external I/0 devices. The Apple /// does indeed 
do just that, and, further, has the hardware capability of controlling an 
additional 128K of memory (for a total of 256K). 


This “magic” is accomplished by Bank Switching technology. At any one time, 
the processor can directly address 65K locations. With the addition of the 
Bank Switch Register, an extended addressing register, the program can call up 
different banks of 32K RAM space. With other software switches, ROM and all 
I/O locations can be replaced with RAM. [See Figure 2.1] 


The first 8K of memory, from locations 0000 to I1FFF, are fixed. The 32K 
memory from locations locations 2000 to 9FFF are electrically switchable. The 
Apple /// can choose any of 15 banks to place in this area at any one time. 
The maximum amount of storage on the Apple ///, therefore, is equal to 15 
Banks x 32K per bank + 32K fixed storage. By comparison, a 128K system would 
have three banks, a 256K system would have seven, etc. 


In addition, the area in the fixed bank from location C000 to CFFF can be 
switched from RAM memory to I/O space for the slots. The area from FOOO to 
FFFF is also switchable. When the machine is turned on, this area is ROM 
containing the startup program. This program runs a quick system check then 
loads SOS in from the internal drive. SOS then switches this area back to 
RAM. 


The extended addressing mode allows any two adjacent banks, N and N+tl, to be 
addressed as a contiguous 64K RAM space. Addresses 0000 to 7FFF are mapped 
into bank N while addresses 8000 to FFFF are mapped into bank N+l. 


The Apple /// has the capability for variable Zero Page locations and 
Alternate Stack locations. All these features give the Apple /// great 
flexibility. They also provide means for very large application programs, or 
applications that need large amounts of RAM space for data crunching. 


SIMPLIFIED MEMORY LOGIC 


If we simplify the memory and memory address logic we get three basic 
elements: 


o the processor 
o the RAM address circuits 


o the RAM array 


Apple /// Memory Map 
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In this discussion, the processor is more than just the microprocessor chip; 
it also contains various external registers and control ROMs which enable the 
extended addressing and bank switch modes. [Refer to Figure 2.2.} 


Very simply, the processor presents an address for menory cycle, which ts 
multiplexed into the address bus, ARX, and is decoded to develop the RAS (Row 
Address Strobe) and CAS (Column Address Strobe) to the RAM array (RAM group A 
& B)-. The direction of the data is controlled by Read/Write*. The selection 
of which RAM group is being gated to the data bus is controlled by the CAS 
decode circuits. 


The display is memory mapped, the Screen time~shares the RAM on the opposite 
phase of the processor clock. Both the screen and the processor are running 
at a LMHz rate, which means that the RAM is running at a 2MHz rate. One new 
feature of the Apple /// is that the processor is able to make use of the 
other “phase” while the screen is off. In other words, any time the screen is 
off, the processor may run at a full 2MHz rate. 


MEMORY ADDRESSING: BLOCK FLOW 


As more detail is added, it is possible to see the basic elements of the 
complete memory system (For now, we are not considering any to the hardware or 
1/0). 


o In the memory addressing logic of Figure 2.3, the processor now 
shows the MPU and the two registers for expanded addressing capacity: 


- the bank address register 
- zero page register 
o The address circuit is comprised of two sections: 
- the address multiplexer 
- the RAS/CAS decoder 
o The RAM array is expanded to show the eight RAMs. 
It should be noted that this diagram depicts a 128K system (with a 12V Memory 
board), and that each of the RAMS shown actually represents eight RAM chips, 
one for each bit. Each RAM contains 16K bytes. The dotted lines indicate the 
row of chips that contain the 32K RAM chips. These are actually two 16K RAMs 
which reside on the one IC package. 
THE PROCESSOR 
The MPU is isolated from the rest of the memory by various buffers, muxes, and 


registers. The mux switches in the Zero Page register whenever the MPU is 
attempting to reference the zero page. 
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o The register may contain the true zero page or may be set to any of 
255 other values, under program control. 


o The zero page register resides in the VIA and is accessed at FFDO. 
(On the Main Logic Board this is the VIA at location B6.) 


o The Bank Register is located in the other VIA and is accessed at FFEF 
(at location B5). Zero page selection is independent of bank 
selection. 


MEMORY ADDRESS MULTIPLEXER 


The Memory Address Mux provides the four sets of addresses to the RAM array. 
They are: 


o MPU RAS 
o Video RAS 
o MPU CAS 
o Video CAS 


These are time multiplexed by the four states determined by AX* line which is 
held at a steady state, allowing the processor full access to the RAM. 


The Video addresses are much the same as in the Apple ][. There is a minor 
difference in the Summing Circuit, but the technique of condensing undisplayed 
addresses is the same. There is an additional consideration in the Apple ///, 
which has a feature requiring additional control of the Video lines. This new 
feature is called slow scrolling of the screen. 


Slow scrolling is accomplished in the Video Mux ROM by the arithmetic offset 
of the VA, VB, and VC lines. This offset causes characters to be fetched from 
memory in advance of where the screen actually thinks it is. The character 
array on the screen shifts up the number of dots determined by the binary 
weight of the VBX lines. The processor, by monitoring the Vertical Blanking, 
can then step the VBX lines and scroll the screen by moving in new lines at 
the bottom, removing the top line, and placing it at the bottom, thus rolling 


the display. 
RAS/CAS DECODE 


The RAS/CAS decode circuit is made from four ROMs, a latch, and a latching 
mux. The basic inputs to the circuit are; 


o the Address Bus 


o the Bank Switches 


o the Zero Page Select 
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INDIRECT ADDRESSING _ 
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[Refer to Figure 2.4] 


Normal or Direct Addressing looks at the address and current bank selection, 
and enables the appropriate array of 64K RAM. This Direct Addressing always 
uses RAM O and RAM 3. Bank switches determine which of the RAM pairs is used 
for the other 32K of RAM. 


It should be noted that on any read cycle, one RAS line and two CAS lines are 
selected. In this way, two bytes are always presented to the video circuits 
and the data selector. During a write cycle only one of each is selected. 


The dual byte read usually provides only the information for the new video 
modes, but there is a new special memory fetch cycle built into the hardware. 
It is a special extended Indirect Addressing scheme which places the entire 
memory in virtual access. 


By using Indirect Addressing through the zero page containing the 16 bit 
address, an instruction can address any of the 64K bytes contained in the bank 


pair. Thus any of the 32K byte RAM banks can be paired with any of their 
neighbors to form a 64K byte virtual address space. 


If, during a zero page reference the zero page register has a value between 
$18 and S$1F (S$ means hexadecimal), a special Indirect Mode is called up. 
This mode looks at the sister fetched data byte on the RAM address bus and 
also looks at the high order bit. See Figures 2.5 and 2.6. 


This special Indirect Mode is determined by the zero page register (X page = Z 
page EOR $OC) If the bit is zero, the mode is not actualized and the refe- 
rence continues in a normal manner in the presently selected bank arrangement. 
But if the High Order Bit (DA/7) is high, the bank control mux latch switches 
to the state determined by the state of the DAO-DA2 lines. This allows the 
program to have access to another array of special zero pages. 


When the system is in this special extended Indirect Mode, the I/O and LSI are 
totally disabled and the RAM is enabled to the data bus. 


ALTERNATE STACK 


Alternate Stack, the new feature of the Apple ///, is not shown in the block 
diagrams. One of the bits of the Environmental Register (from one of the 
VIAs) is the Alternate Stack Switch. If the Alternate Stack Switch is 
selected, the stack associated with that zero page is either the one after the 
zero page, if the zero page reference is even, or the one previous if the 
reference is odd (i.e., if zero page is 2B then the stack is located in 2C; if 
the zero page is 31 then the stack is in 30). 


OTHER BANK SWITCHING 


Earlier it was mentioned that the processor can access RAM associated with the 
addresses that are normally with 1/0, ROM, and other circuits. Looking again 
at the Environmental Register, there are several switches that enable or 
disable I/0, ROM, and other circuit address decoding. If these switches are 
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selected to disable their associated function, the control ROM, which 
develops the enable for the RAM data selector, senses the fact that no 
hardware is being selected and allows RAM data to be read on the bus. No 
other special enables are needed since RAM is always read for every address 
presented. It should be noted that a special RAM write enable is used to 
prevent inadvertant writing into the RAM space associated with the hardware 
while the hardware is enabled. 
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MEMORY & MEMORY ADDRESSING APPENDIX 


The attached figures and illustrations are provided for your reference. 
Little or no explanation has been provided. 


This Appendix contains: 
o THE APPLE /// MEMORY MAP 
O MEMORY MAP SPACE ALLOCATIONS 
fe) ADDRESS LOGIC TRUTH TABLE 
fe) 128K 12V MEMORY BOARD: PHYSICAL MEMORY 
fe) THE 5V MEMORY BOARD: PHYSICAL MEMORY 
O ADDRESSING LOGIC EXPRESSIONS 


e) MPU REGISTERS 
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SOS MEMORY ALLOCATION 


Location 


OOQO-1LFFF 
2000-9F FF 
2000-9F FF 
2000-9FFF 
AOOO-BFFF 
COO0-CFFF 
DOOO-EFFF 
FQOO-FFFF 


ADDRESS ASSIGNMENT 


ADDRESS 
(HEX) 


0000-O0FF 
0100-O1FF 
0200-02FF 
0300-03FF 
0400-07FF 
0800-OBFF 
OCOO-OFFF 
1000-1FFF 
2000-3FFF 
4000-5FFF 
6000-7FFF 
8000-9FFF 
AOOO—BFFF 
C000=-CO7F 
cO00 
C001-C007 
C008 
C009~-COOF 
C010 
CO11-CO2F 
C030 
C031-C03F 
C040—C040 
CO4E 
CO4F 
C050 
C051 
C052 
C053 
C054 


APPLE /// MEMORY MAP 


Assignment 


SOS and Interpreter Workspace 
Bank O Graphics Page 1 and 2 


Bank 1 Program 


Bank 2 Driver and Interprter 

Interpreter 

I/O or SOS Kernal (Bank switchable to RAM) 
SOS Kernal 

Boot ROM OR SOS Kernal 


ASSIGNMENT 
(FUNCTION) 


Zero Page 
Stack 


Input Buffer 


Open 


Lo-Res Display (Primary) and text 
Lo-Res Display (Secondary) and text 
Open-Reserved for system space 


Open 


Hi-Res Pgl (Primary) switchable to RAM 
Hi-Res Pgl (Secondary) switchable to RAM 
Hi-Res Pg2 (Primary) switchable to RAM 
Hi-Res Pg2 (Secondary) switchable to RAM 


Open 


System 1/0 

Keyboard "A" bus data 
Same as 0000 but not used 
Keyboard "B" bus data 
Same as C008 but not used 


Keyboard reset 


Not used in Apple III 

Toggle the speaker like in A-1l 
Same as CQ30 but not used 

Sound hardware beeper 

Character Ram Disable 

Character Ram Enable 

Clear Text Mode 


Set Text Mode 
Clear Mix Mode 
Set Mix Mode 
Clear PG2 Mode 
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C055 
C056 
C057 
C058 
C059 
CO5A 
CO5B 
COSC 
COSD 
COSE 
COSF 
C060,C068 
C061, C069 
C062,CO6A 
C063,C06B 
C064,C06C 
C065,C06D 
C066,C06E 
C067 ,CO6F 
C070 


CO71-CO7F 


C080-COFF 
CO8F 
CO9X 
COAX 
COBX 
COCX 
CODO 
COD1 
COD2 
COD3 
COD4 
COD5 
COD6: 
COD/ 
COD8 
COD9 
CODA 
CODB 
CODC 
CODD 
CODE. 
CODF 
COEO 
COE1 
COE2 
COE3 
COE4 
COE5 
COE6 
COE/ 
COE8 
COEA 
COEB 


Set PG2 Mode 
Clear HIRES Mode 
Set HIRES Mode 
Clear EMSOT PDLO 
SET ENSOT PDLO 
Clear PDL2 (A/D Addr 2) 
Set PDL2 
Clear PDLEN (A/D Ramp Start) 
Set PDLEN 
Clear AXCO (A/D Addr 1) 
Set AXCO 
Read SWO 


Read 


SW1/MGNSW 


Read SW2 
Read SW3/SCO 
Read IRQ3 
Read IRQ4 
Read PDLOT (A/D Ramp Stop) 
Read MUXI (PRAS Control) 
Access Real Time Clock 
Sames as CO/70 but not used 
I/O Scot Device Enable 


NDevice Select 1 
NDevice Select 2 
NDevice Select 3 
NDevice Select 4 
DS AO AO ,A1l=0,0=no select 


Clear 
Set 
Clear 
Set 
Clear 


DS AO 
DS Al 
DS Al 
Enable 1 Int 


Set Enable l Int 


Clear 
Set 
Clear 
Set 
Clear 
Set 
Clear 
Set 
Clear 
set 
Clear 
Set 
Clear 
Set 
Clear 
Set 
Clear 
set 


Disable Motor Drive (strt 2 sec to) COE9 Enable Motor Drive 


Side 2 

Side 2 

SCR 

SCR 

ENCWRT 

ENCWRT 

ENSEL 

ENSEL 

ENSIC 

ENSLO 

DPHO (also VAL) 
DPHO 

DPH1 (also VBI) 
DPHL 

DPH2 (also VCI) 
DPH2 

DPH3 

DPH3 


Enable Ext 
Enable Int 


1,0=Ena 1 Exit 
Q,l=Ena 2 Exit 


1,l=Ena 3 Exit 
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COF2r/w6551 
COF3r/w6551 
CIXX 
C100—-C7FF 
C100 
C1FF 
C2XX 
C200-C2FF 
C3XX 
C300-C3FF 
C3FF 

C4XX 
C400-C4FF 
C500-C7FF 
C800-CFFF 
DOO0O-DFFF 
E000 
FFCX 

FFDO 

FFDIL 

FFD2 

FFD3 

FFD4 

FFD5 

FFDO 

FFD/ 

FFD8 

FFD9 

FFDA 
FFDB 

FFDC 

FFDD 

FFDE 

FFDF 

FFEQ 

FFEL 

FFE2 

FFE3 

FFE4 

FFE5 

FFE6 

FFE/7 

FFE8 

FFE9 

FFEA 
FFEB 


Clear Q6 Note:Q6,Q7 control read 
Set Q6 write, and sense write 
Clear Q/7 protect 

Set Q7 

6551 Rec Data Reg 

6551 Xmit Data Reg 

6551 Status Reg 

6551 Program reset 

Command Reg 

Control Reg 

NIO Select 1 

I/O Slot individual ROM Space 
Slot 1 Firmware 


NIO Select 2 
Slot 2 Firmware 
NIO Select 3 
Slot 3 Firmware 


NIO Select 4 

Slot 4 Firmware 

Run Space only 

Expansion Rom Firmware 

Open (system software) 

Bank switchable between Rom and Ram 
Always Ram 

Port B VIA-73 "Zero Page Reg" 
Port A VIA-73 

DDR B VIA-73 

DDR A VIA-73 

Timer 1 low Latch (w)/Counter (r) 
Timer 1 High Counter 

Timer 1 Low Latches 

Timer 1 High Latches 

Timer 2 Low Latch (w)/Counter (r) 
Timer 2 High Counter 

Shift Register (serial print) 
Aux Control Reg VIA-/3 
Peripheral Control Register 
Interrupt Flag Register (73) 
Interrupt Enable Register (73) 
ORA/IRA With no handshake 

Port B (97) (sound and slot NMI) 
Port A (97) Banksw and IRQ’s 

DDR B (97) 

DDR A (97) 

Timer 1 Low Latch/Counter 

Timer 1 High Counter 

Timer 1 Low Latches 

Timer 1 High Latches 

Timer 2 Low Latch/Counter 

Timer 2 High Counter 

Shift Register (97) 

Aux Control Register (97) 
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Peripheral Control Register (97) 
Interrupt Flag Register (97) 
Interrupt Enable Register (97) 
ORA/IRA with no handshake 
Ram/Rom Bank 

E/O Bank Switch 

2 MHz/MHZ Mode Switch 

Hires Bank Switch 

Screen Enable 

Display Modes 

Zero Page Register 

Interrupt Control 
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anc. 
MEMORY MAP SPACE ALLOCATIONS 


tt PRIMARY ZP.. 
0200 PRIMARY STACK 
0400 TEXT 
1600 DISPLAY 
1800 SPECIAL ZERO 
PAGES 
1FFF 
2000 
(H1 RES) 
RAM | 
OFFF 
A000 | /o DEV Sscc000 
/ (oser1———] tee 
cog 200 
ee 
C500 —_———— C400 
SLOT 4 CFF 
C800 | - ¢800 
F000 | _ 


wx FFCX, FFDX, FFEX ARE ENVIRONMENT ADDRESSES 
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day Sy 
Cv39 UU 


day yy 
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day Saf 
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z= idaa-ot IM | | | 38 = dddd*0008 — 
“Ye = ddaa’oo | | “38 = 
‘sve We = 440° “0080 e ¢ ae | | | "  -¥z = aaza*oood — 
SVJ WQ = ddaq’ ooov YOL WZ = 4420°00009 | C|| —= 
° SOT WZ = AAT Oot (seBeqg 0197 TeTOedS)NZ = AdAT°OOST — 
M2 = He = 4410" 1.0" 0000 | | | | IZ = 4440°0080 — 


wl 

z‘l Sv¥ atl i 000 L 
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WOL | 2 YNVG 28 = ddds° ldaS * 0004 
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THE SV MEMORY BOARD ( 256K ) 


ET, 3 


Foe 0 aHE 
rms « 
es phy 
ara aaa (ac 


=~ as veaN 


ig @ 
eeteetdopeeciers) | gies 3 
yutyy Wwe, a *U 
ie 8 a sy perce eee 
XXXENAT 0G yi Bee 
7 er * [9 3] = 


z 
: @pppia” 
1 


| 
oe | 
Wl ee 
ty Ht" 
ihe 
Ne || , 
=. E- is | 
or : ; . | T: loa 
f SU “f Ht I 
faa Sap 9 HN ee 
pestis rte] ake ! 
Ug 


-— RIF 


MMMM MMM 


HOW TO READ PROM (ROM) LOGIC EXPRESSIONS 


X° =-—- The single quote at the end of an expression means that the state of 


the signal is true when low, or it may represent the inversion of the 
State of the signal. 


x <== DPefines a logic AND operation. The expressions on either side of the 
asterisk is ANDed. 


+ -— Defines a logic OR operation. The expression on either side of the 
asterisk is OR‘’d. 


() -- Defines the boundaries of a logic expression. A new expression is 
defined by what ever is inside of the brackets. 


RULES FOR INTERPRETATION 


1. Always interpret (transform) the expression within the brackets first. 
2. Interpret AND (*) logic operations before OR (+) operations. 


EXAMPLE: 
Given: INPUTS: AIISW’ HIRES TEXT 
MIX V2 V4 
VBL 


OUTPUT: DHIRES = (ALISW*HIRES* (TEXT+MIX*V2*V4) °“+ALISW’ *HIRES) *VBL’ 


LOGIC REPRESENTATION: 


TEXT ) »& 


ALISW 


HIRES | 
| 
» > DHIRES 


VBL {> 
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A=Al1 
B=Al13 
C=Al14 
D=AlL5 
E=R/WN 
F=DHIRES 
G=AY’ 
H=ABK2 
[=PRAS1,2 
J=PRASO, 3 
DO=PCASO’ 
D1=PUSELB 
D2=PCAS3 
D3=PCAS3’ 


PCASO’=(PRASO, 3 * (DHIRES’ *AY’ +AY* (A15’* Al4’ * Al13’ ¥*AL1’ *R/WN’ + 
A15’ *A14’ *A13’°* R/WN+A15*A14’ *A13’ *Al11)))’ 


PUSELB=PRASO, 3 * (A15’ *A14’ *A13’ *AL1 +A15 *Al4 *A13’ *AL1’ +A15 *A14 
*A13) +PRASO, 3 *PRAS1, 2 *(A15’ *A14’ *AL3+A15* Al14’ *A13’) +PRASO, 
3 *PRAS1,2 ’*(A15’ *A14’ *A13+A15’ *A14 *A13’) +PRASO, 3 ’* PRASIL, 2 
* (Al4’ *A13’ +A14 *A13) +PRASO, 3 ’ *PRASL, 2 ’ *A14’ 


PCAS3=PRASO, 3 * (DHIRES ’ *AY ’ + AY*® (AL5’ *A14’ *A13% *Al11 + ALS ¥*A14 
Al3’ *A11’ +Al15 *Al14 *A13)) 


PCAS3’=(PRASO,3 * (DHIRES ’ *AY’ +AY*® (A1L5’ *AL4% ¥*A1L3% *ALI+A15 *AL4 *A13’ 
*ALL° +A15* Al4*® Al3)))’ 


341-4656 


PRASS,3 _! 
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A=A13 

B=All 

C=A15 
D=PRASO, 3 
E=DHIRES 
F=ABK1 
G=ABK2 
H=ABK3 
I=Al4 

J=AyY’ 
DO=PCAS4,7° 
D1=PCAS5,6’ 
D2=PCAS1’ 
D3=PCAS2 


PCAS4,7’= (AY*PRASO, 3 * (ABK1*ABK2*ABK3’+ABK3* (ABK1” + ABK2’))* (AL5’ 
*A14) +AY* PRASO,3 °* (ABK1’ *ABK2*ABK3’ *Al14+ABK1*ABK2*ABK3 ’+ABK2° 
*ABK3+ABK1’ *ABK2*ABK3*A15’) *(AL4’ *A13+A14%A13))’ 


PCASS,6’= (AY8PRASO,3 *(ABK1*ABK2*ABK3’ +ABK3* (ABK1’ +ABK2’))* (AL5’*AL14’ 
*A13+A15*A14’ *A14’*A13’) +AY*PRASO, /3 ’*(ABK1’ *ABK2*ABK3’ *A15+ 
ABK1*ABK2*ABK3* ’+ABK2’ *ABK3+ABK1 ’ *ABK2*ABK3*A15’) *(AL4’*A13’ AL4* 
Al3))’ 


PCAS1’ = (DHIRES *AY’+AY*PRASO, 3 * (ABK3’ * (ABK1’+ABK2’ ) +ABK1*ABK2*ABK3) 
* (AL5’* Al4’ *A13+A15*A14’% *A13’) +AY*PRASO, 3 °*(ABK2’ *ABK3’+ABK1’ 
*ABK2*ABK3°*A15’) * (A14’* A13’+Al14*A13) )’ 


PCAS2’ = (DHIRES *AY’ +AY*PRASO,3 *(ABK3’* (ABK1’ +ABK2’) +ABK1*ABK2*ABK3) 
*A15’* A14+AY*PRASO,3 °*(ABK2’ *ABK3’+ABK1’ *ABK2*ABK3’*A15) *(A14’ 
*A13+A14*A13%))’ 


341-6642 1d 
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RAS 258 


A=ABK] 
B=ABK2 
C=ABK3 
D=PAI5 
E=AY’ 
F=PA8 
G=ZPAGE’ 
H=DHIRES 
I=RFSH 
J=ABK4 
DO=PRASO, 3 
D1=PRAS] , 2 
D2=PRAS4 , 5 
D3=PRAS6, 7 


PRASO,3 = AY’* (DHIRES’ +RFSH) + ((ABK4* (ZPAGE*PA8’ )’)’+ABK4* (ZPAGE*PA8) ’ 
“*ABKI*® ABK2*ABK3)*AY PRASIL,2="AY’+AY PRAS4, 5*AY’+AY*(ABK4* (ZPAGE* 
PA8’ )’ )’*(ABK1*ABK2*ABK3’+ABK1’ *ABK2*ABK3’ *PA15+ABK1’* ABK2’*PA15’ 
+ABK1*ABK2*ABK3) PRAS6,7 +AY’*DHIRES’+AY* (ABK4*(ZPAGE*PA8’ )’ )’* 
(ABK1* (ABK2’ +ABK3’)) +AY*ABK4* (ZPAGE*PA8’ )’* (PA1L5’*ABK1* (ABK2’ 
+ABK3’) +PA15*ABK1’* (AKB2’ + ABK3’ )) 


“1 IS 

ABKA_=Si5 

RFSH_1E] ag 4 
RDHIRES!7] a5 0¢+-——_—— 


“wo 
P 
AIP IN Le IW IN i 
3 
KR 
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RAS.2. TEXT 


A-ABK1 
B=ABK2 
C=ABK3 
D=PA14 5 
E-AY’ 
F=PA8 
G=ZPAGE 
H=DHIRES 
I=RFSH 
J=ABK4 
DO=PRASO, 3 
D1-PRAS1,2 
D2=PRAS4,5 
D3=PRAS6, 7 


PRASO, 3 =AY’* (DHIRES’+RFSH) + ((ABK4* (ZPAGE*PA8’)’) ’ +ABK1*ABK2*ABK3) 
*AY 


PRASL,2 =AY°* (DHIRES+RFSH) =AY* (ABK1’* AKB2’*ABK3’* (ABK4* (ZPAGE*PA8’ ) 
***PAI15) “+ABK1*ABK2*ABK3) +AY*ABK3°* (ABK1’* ABK2* ABK4* (ZPAGE* 
PA8’) °*PA15+ABK1*ABK2*(ABK4* (ZPAGE*PA8’) *PA15)’) 


PRAS4,5 =RFSH*AY “+AY*ABK2’ *ABK3’* (ABK1’*ABK4* (ZPAGE*PA8’ ) *PA15+ABK1* 
(ABK4* (ZPAGE*PA8’) °*PAI5)’) 


PRAS6,7 =RFSH*AY’+AY*ABK3’* (ABK1*?BK2’*ABK4* (ZPAGE*PA8’ ) ’*PA15+ABK1’* 
ABK2* (ABK4* (ZPAGE*PA8’ ) °*PA15)”) 


lied 
ABKI ABK AS | 

RFSH_Ie 1+ 

ABK2 RDHIRES 1 
ZPAGE _! 3 

ABK3 PAS _2 
AY _3 12 

PAIS _4 

~ABK4 7 
Pf . 

FS CS 
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A=A1\ 
B=Al2 
C=A13 
D=Al4 
E=LOSYNC 
F=SEL2M’ 
G=ABK4 
H=PA8 
I=15 
K=PAGE’ 
DO=S399 
D1=PRDY’ 
D2=IND’ 


S399=ZPAGE*PA8’ *Al15’ *A14’ *A13” *A12* All 
PRDY’ =IOSYNC *SEL2M *ABK4 


IND’= (ABK4* (ZPAGE* PA8’) °)’ 


3u1-ggu3 
5 
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U175 1. TEXT 


A=VA 
B=VB 
C=VC 
D=VAl 
E=VBl 
F=VCl 
G=DHIRES 
H=SCR 
I=WE2114’ 
J=VBL 
DO=MUX1 
D1=MUX2 
D2=MUX3 
D3=ENHREG’ 


MUX1=(DHIRES’ +SCR * (VA* VAl1’ +VA’ *VA1) + SCR’ *VA) * (VBL’ + WE2114) 
+VBL * WE2114’ 


MUX2=DHIRES* (SCR* (VA* VA1* (VB* VB1’ +VB’* VB1)’+ (VA* VAL)’* (VB* VBL’ 
+VB * VB1) ) +VB* SCR’) 


MUX3=DHIRES * (SCR* ((VA* VA1* (VB+ VB1) +VB* VBL) * (VC* VC1’+VC’* VCL) 
“+(VA* VA1* (VB+ VBL) +VB * VBL) ’*(VC * VCL1) ) +VC* SCR’ ) 


ENHREG’=DHIRES’ *WE2114’ 
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THE VERSATILE INTERFACE ADAPTER 


GENERAL 


The Versatile Interface Adapter (VIA), as used in the Apple ///, is a very 
flexible I/O control device which minimizes the discrete control circuitry on 
the Main Logic Boarde There are two VIAs used in the systen. 


Each VIA contains two 8~bit I/O ports, a serial port, and two 16-bit interval 
timers, as shown in the VIA Block Diagram. Each of the sections is very 
flexible and can be utilized in many operating modes. In the Apple ///, 
however,some of these modes cannot be used because of certain hardware design 
considerations. 


Control of peripheral devices is handled primarily through two 8-bit 
bi-directional ports. Each line can be programmed as either an input or an 
output. Several peripheral I/O lines can be controlled directly from the 
interval timers for generating programmable frequency square waves, or for 
counting externally generated pulses. To facilitate control of the many 
powerful features of this chip, an interrupt flag register, an interrupt 
enable register, and a pair of function control registers are provided. 


Before we get into a functional description of how the VIA is used in the 
Apple ///, let’s first go through a pin description of the it. 


VIA [6522] PIN DESCRIPTIONS 


RES* (Reset) (34) 


The Reset input clears all internal registers to logic O (except Tl and T2 
latches and counters, and the shift register). This places all peripheral 
interface lines in the input state, disables the timers, shift register, etc., 
and disables interrupting from the chip. On both VIAs this pin (34) is 
connected to the RESET* of the system. The system generates the reset at 
power on, or at depression of the Reset switch in conjunction with the Control 
keys (Note the latter may be disabled.) 


02 (Input Clock) (25) 


The Input Clock is the system PRELIM (PRE-l MHZ) clock which operates at 1MHZ 
and is used to trigger all data transfers between the system processor and the 
VIA. The PREIM, developed in the system timing circuits, is used within the 
device to clock the various functions of the registers and timers. 


@gappic computer inc. 


interrupt Control 


Data 
Bus 


Chip 
Access 
Control 


Function Control 


Peripheral 

(PCR) 
Auxiliary 

(ACA) 


Latch 
(TIL -H) 


Counter 
(TIC -H) 


Latch 
(T2L-L) 


Counter 
(T2C-L) 


Port A Registers 


Input 
Latch 


Output Buffers 
(ORA) (PA) 


Data Dir. 
(DORA) 


Handshake Control 


CA1 


Port A CA2 


Port 8 a] 
Shift Register c81 


Port 8 Registers 


Input Latch 


Output Buffers 
(ORB) (PB) 


Data Dir 
(OORB) 


Block Diagram of the 6522 Versatile Interface Adapter 


Addressing 6522 VIA Internal Registers 
313] 3 Addressed Location 

0/0; 0 
010]0 
0/10] 1 
0;0]1 
Oo; 1790 

0 


Output register for !/O Port B 

Output register for !/O Port A. with handshaking 

'/O Port B Data Direction register 

I/O Port A Data Direction register 

Read Timer 1 Counter low-order byte 
Write to Timer 1 Latch low-order byte 

Read Timer 1 Counter high-order byte 
Write to Timer 1 Latch high-order byte and 
initiate Count 

Access Timer 1 Latch low-order byte 

Access Timer 1 Latch high-order byte 

Read low-order byte of Timer 2 and reset 
Counter interrupt 
Write to low-order byte of Timer 2 but do not 
reset interrupt 

Access high-order byte of Timer 2: reset 
Counter interrupt on write ; 

Serial 1/O Shift register | 

Auxillary Control register | 

Peripheral Control register 

Interrupt Flag register 

Interrupt Enable register 

Output register for |/O Port A. without handshaking 
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/W* (Read/Write) (22) 


The direction of the data transfers between the 6522 and the system processor 
is controlled by the R/W* line, which is driven by the Internal Read/Write, I 
R/W*, signal generated by the processor. 


If pin 22 is low, data will be transferred out of the processor into the 
selected VIA register, as in a write operation. 


If R/W is high, data will be transferred out of the selected 6522 register, as 
in a read operation. 


DBO“~DB7 (Data Bus) (33-26) 


The eight bi-directional data bus lines (in the Internal Data Bus) are used to 
transfer data between the VIA and the system processor. 


o During read cycles, the contents of the selected register are placed 
on the data bus lines and transferred into the processor. 


o During the write operation, these lines are high-impedance inputs and 
data is transferred from the processor into the selected register. 


o When the 6522 is unselected, the data bus lines are at high-impedance. 
These lines are connected to the Internal Data Bus and are not acces- 
sable from the outside world. 


CS1, CS2* (Chip Selects) (24,23) 


These two chip select lines are connected to direct decodes of the processors 
address bus. 


o CS1 on both VIAs is controlled by the signal CS6522, a signal which is 
qualified by other system consideration. 


o CS2 is driven by the signal FFDX for IC at location B5, and FFEX for 
IC9 at location B6. The selected VIA register will be accessed when 
CS1 is high and CS2 is low. 


RSO-RS3 (Register Selects) (38-35) 
The four Register Select inputs permit the system processor to select one of 


the 16 internal registers, each of which performs a specific function, of the 
VIA as shown in the accompanying table. 


IRQ (Interrupt Request) (21) 


The Interrupt Request output goes low whenever an internal (to the VIA) flag 
is set and the corresponding interrupt enable bit is at 1. This output is 


computar mc. 
open-drain” to allow the interrupt request signal to be “wired-OR“ED” with 
other equivalent signals in the system. 


PAO-PA/7 (Peripheral A Port) (2-10) 


The PA port consists of 8 lines which can be individually programmed to act as 
inputs or outputs under control of a data direction register. 


The output is controlled by an output register. Input data may be latched 
into an internal register under control of the CAl line. All of these modes 
of operation are controlled by the system processor through the internal 
control registers. 


On standard TTL load, these lines are present in the input mode. Conversely, 
on standard TTL load, they will drive in the output mode. 


CAl, CA2 (Peripheral A Control Lines) (40,39) 


The two PA control lines can act as interrupt inputs (as used in the Apple 
///) or as handshake outputs. Each line controls an internal interrupt flag 
with a corresponding interrupt enable bit. 


PBO=PB/7 (Peripheral B Port) (11-17) 


The PB port consists of 8 bi-directional lines which are controlled by an 
Output register and a data direction register in much the same manner as the 
PA porte 


The polarity of the PB7 output signal can be controlled by one of the interval 
timers, while the second timer can be programmed to count pulses on the PB6 
pin. 


Peripheral B lines represent one TTL load in the input mode and drive one 
standard load in the output mode. 


CB1, CB2 (Peripheral B Control Lines) (18-19) 


The PB control lines act as interrupt inputs or as handshake outputs. As with 
the CA lines, each line controls an interrupt flag. 


These lines also act as a serial port under control of the Shift Register. 
They have loading and driving characteristics identical to the CA control 


lines. 
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VIA FUNCTIONAL DESCRIPTION 


Port A and Port B Operation 


Each 8-~bit peripheral port has a Data Direction Register for specifying 
whether the Peripheral pins are to act as inputs or outputs. 


o A “O" in a bit of the DDR causes the corresponding peripheral pin to 
act as an input. 


o A "1" causes the pin to act as an output. 


Each peripheral pin is also controlled by a bit in the Output Register and a 
bit in the Input Register. When the pin is programmed as an output, the 
voltage on the pin is controlled by the corresponding bit of the output 
Register. A one in the ORX causes the output to go high; a zero causes the 
Output to go low. 


Data may be written into ORX bits corresponding to pins which are programmed 
as inputs. In this case, however, the output signal is unaffected. 


The IRB Register operation is similar to that of the IRA. For pins pro- 
grammed as outputs, however, there is a difference. When reading the IRB, it 
is the bit stored in the ORB that is sensed. That means the buffering and 
gating on the two ports differ in respect to pins programmed as outputs. 


See the figures below detailing the data bytes programmed into the DDRs and 
the two control registers for each of the VIAs. Compare these with the 
environments of each device. 


Timer Operation 


Interval Timer Tl consists of two 8-~bit latches and a 16 bit counter. The 
latches are used to store data which is to be loaded into the counter. After 
loading, the counter decrements at the rate of PREILM. 


Upon reaching zero, an interrupt flag will be set; if the interrupt is 
enabled, the IRQ* will go low. The timer will then disable any further 
interrupts, or will automatically transfer the contents of the latches into 
the counter and will continue to decrement. 


In addition, the timer may be programmed to invert the output signal on a 
peripheral pin each tme it “times out.” Each of these modes is discussed 
below. 

Timer 1 One-Shot Mode 

The interval timer one-shot mode allows generation of a single interrupt for 


each timer load operation. As with any interval timer, the delay between the 
write T1IC-~H (FFD5, FFE5) operation and generation of the processor interrupt 
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is a direct function of the data loaded into the timer. 


In the one-shot mode, writing into the high order latch has no effect on the 
Operation of Timer 1. However, it is necessary to assure that the low order 
latch contains the proper data before initiating the count-down with a "write 
T1C-H” operation. 


When the processor writes into the high order counter 
o the Tl interrupt flag is cleared; 


o the contents of the low order latch are transferred into the low order 
counter; 


o the timer again begins to decrement at the PREIM rate. 


After the timer reaches its time out, it continues to decrement until it is 
reset with the proper write operation. 


The processor may read the current count of the timer to determine how long it 
has been since the interrupt has been set. Reading the counter does not reset 


the interrupt flag or the timer. 


Timer 1 Free-Run Mode 


The most important advantage associated with the latches in Tl is the ability 
to produce a continuous series of evenly spaced interrupts. These inter- 
rupts are accomplished in the “free-running mode.” 


In the free-running mode, the interrupt flag is set each time the counter 
reaches zero. However, instead of continuing to decrement from zero, the 
timer automatically reloads the contents of the high and low latches, and 
continues to decrement from there. In this mode, the interrupt flag can be 
cleared by writing TIC-H, or reading TIC-L, or by writing directly to the 
interrupt flag. 


It is not necessary to rewrite the timer to enable setting the interrupt flag 


on the next time-out. All of the interval timers are "retriggerable.” Re- 
writing the counter will always re-initialize the time-out period. 


Timer 2 Operation 

Timer 2 operates as an interval timer in the one-shot mode only, or as a 
counter of negative pulses on the PB6 peripheral pin. A single bit in the ACR 
is provided for this mode selection. 

Timer 2 is comprised of a write-only low order latch, a read-only low order 


counter, and a read/write high order counter. 


Timer 2 One Shot-Mode 
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As an interval timer, T2 operates very much like Tl in the one-shot mode. 
Setting of the interrupt flag, however, will be disabled after the first time 
out, and it will not be set again until the write T2C-H operation. 


The flag can be reset by reading T2C-L, or by writing T2C-H. 


Timer 2 Pulse Counting Mode 


In the pulse counting mode, T2 serves primarily to count a predetermined 
number of negative-going pulses on the P6 pin. This is accomplished by first 
loading a number into T2, which clears the interrupt flag and allows the 
counter to be decremented by the pulses on PB6. The interrupt flag will be 
set when T2 is decremented to zero. The counter will continue to decrement. 


Note that it is necessary to rewrite the timer to re-enable the subsequent 
interrupt flags. 
Shift Register Operation 


The Shift Register performs serial data transfers into and out of the CB2 pin 
under control of an internal modulo-8 counter. Shift pulses can be applied to 
the CBl pin from an external source or, with the proper mode selection, shift 
pulses generated internally will appear on the CBl pin for controlling 
external devices. 


The control bits which set the various register modes are located in the ACR. 
In total, there are eight modes for this register. The primary use of the 
shift register is control of the serial printer port. 


In the FFEX VIA, the shift register can be activated to “count” 8 VBL 
(Vertical Blanking) pulses. The shift register sets its interrupt flag each 
time it completes 8 shifts. 


Refer to the figure below for descriptions of the various modes of the shift 
register. 


Interrupt Operation 


Controlling interrupts within the VIA involves three principal operations. 
These are: 


o flagging the interrupts 
o enabling the interrupts 
o signalling the processor that an interrupt condition has occurred. 


Interrupt flags are set by interrupting conditions which exist within the 
chip, or on inputs to the chipe These flags normally remain set until the 
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interrupt has been serviced by the processor. To determine the source of an 
interrupt, the processor must examine these flags in order from highest to 
lowest priority. 


Procedure: 


1. Read the flag register into the accumulator. 


2. Shift it right or left. 


3. Use conditional branch instructions to detect an active interrupt. 


Associated with each flag bit is an enable bit. This can be set or cleared by 
the processor to enable or disable the flag respectively. If a flag bit is 
enabled and set, it will cause the IRQ* output to go low, thus sending a 
direct request to the processor. In addition, bit 7 of the flag register is 
set to allow quick determination of which chip contains an interrupt condi- 
tion. 


The IFR may be read directly by the processor. In addition, individual flag 
bits may be cleared by writing a “l" into the appropriate bit of the IFR. 
When the proper chip select and register controls are applied to the chip, the 
contents of the IFR are placed on the Data Bus. Bit 7 indicates the condition 
of the IRQ output, however it cannot be directly cleared; all other bits must 
be cleared in order for this bit to become inactive. 


For each interrupt flag in the IFR there is a corresponding bit in the 
Interrupt Enable Register. This is accomplished by writing to the IER. There 
are two steps to consider: the enabling write cycle and the disabling write 
cycle. The cycle is determined by the logic state of bit 7: 


o If bit 7 and the corresponding 0-6 bits are at "1", the 0-6 bits 
enable their matching flag. 


o If bit 7 its a 0, then the 0-6 bits containing a "1" disable the 
matching flag. 


Refer to the figures to see the data byte configuration and device. 
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onment and Control 


n so far has been very general and has not completely detailed 
of the two VIAs within the Apple ///. However, one must be 
the many registers and modes to understand how the VIA is 
ow it can be configured for various operations. 


figures and tables detail the environment and address locations 
registers and I/O pins for the two chips. (Many of the signals 
trols or busses; their descriptions relate to both devices. ) 


pins of the VIA are connected to the associated pins of the 
buse When the chip is properly addressed and selected, each of 


ywisters may be accessed for reading or writing data, control 
or timer states. It is this bus through which all data passes 
and/or processor. 


: connected to the RESET line. The system generates the reset at 
en the Reset switch is depressed with the Control key. 


ntrol key may be software disabled.) 


is connected directly to the processor’s internal Read/Write 


gnal cannot be accessed from the outside world. It is obviously 
Ll the direction of the data to or from the device. 


in is driven by the PRE1LM signal developed in the system timing 
{s used within the device to clock the various functions of the 
timers. 


developed under Rom decode of various address states or ranges 
selections, and drives the CS1 line of both VIAs. 


s address lines directly drive the Register Select input lines. 
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Po fs | a | o [rut | titowOrdertatches 
Po ft ft ft fr | tt High-Order batches | 
pt | o | o | oO [tact | T2LowOrder Latches | T2Low-Order Counter 
| 4 [ o | o | 4 |T2cH | T2 High-Order Counter 
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1 fac 
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pt ft | Oo JER | Interrupt Enable Register 
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These four addresses, along with the two chip select lines, activate the chip 
for access to and from the data bus. You can see that the decimal equivalent 


of the address (Register Select) lines equals the register number, as detailed 
in the port address tables. 


To determine the complete I/0 location: 


o Express the AO-A7 bits in Hex 
o Substitute the Hex expression for the “x" in the signal name 
applied to the CS2 input. 


IROQ* 


The Interrupt Request line is a wire OR“ED bus, shared with the other LSI 
devices within the system which directly interrupt the processor. The VIA can 
generate an interrupt due to internal status and can be configured to 
interrupt on various input conditions. Each VIA provides indirect interrupts 
to the processor for the other devices in the system, including the slot 
interrupts. By polling the VIAs, the processor can quickly determine which 
device or group of devices needs servicing. 


VIA (FFDX) 


This VIA has the following responsibilities: 


te) Environmental Register 
fe) Zero Page Register 
fe) Global Interrupt Request 


fo) Serial Data Port Interrupt & Clocking (Silentype) 


The signals of the IC at location B6 which are not common to both 6522s are 
either the port I/Os or the chip select line, CS2. 


FFDX 


This signal comes from the Device Select logic, and is true for the 16 address 
states, FFDO through FFDF. 


The table below shows how the signal FFDX (CS2) and the Address Lines on the 
Register Select Inputs access each of the 16 registers within the VIA. 
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Port A Description 


The ORA for this device is also called the “Environmental Register” by the 
system. It is programmed to all outputs, and contains various control mode 
States which may be software modified. 


PAO and PAl are used as software switches to control which set of Roms are to 
be used by the system, and also to indicate there is an expanded set of Rom in 
the system. 


PA2 provides the software switch that enables the Apple /// to switch between 
two memory stacks. 


PA3 is a software switch which will enable or disable the system for writing 
into the Ram. It can be set for entire banks or it can be set at will to 
disallow writing into memory. 


PA4 is a software switch which will cause the function of the Reset switch to 
be ignored, and will simultaneously disable the Non-Maskable Interrupts from 
the I/O slots. 


PA5 contains the switch "“Scrn” (Screen) which is used to modify the Blanking 
signal. 


Global IRQ 

The CAl line is connected to "OR" function of the slot IRQs. If any slot is 
requesting an interrupt, this line will toggle. The VIA then generates an IRQ 
and sets the associated Interrupt flag. 


Swl/Mgnsw 


This line connected to the CA2 line can be programmed to cause an interrupt on 
either edge of transition. It could be used to have a Function Only run while 
the switch is depressed, or vice versa. 


SCO/SER 


These two signals form a very elementary serial data port. They are usually 
programmed as data, and strobe to a serial RO printer. 


The port may also be configured as a serial input register or simply as inter- 
rupts for the two external lines. 


SCO/SER are connected to CBl and CB2 respectively. 


ZO-Z7 (Zero Page Register) 
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FF ED 
FFE | 
FFE 2 
FFE 3 
FFE 4 
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FFEG 
FFE 7 
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Habe e f+ fonaina | constnesnersar [neces 
po {oo | 1 | o [ors | Catadirection Register’8” 

po fo | t | 1 [OoRA | DataDirection Resister“A™ 
po ft fo | o [rice | Ti LowOrder Latches | TI Low-Order Counter | 
po ft fo | at rich | Ti High-Order Counter 
Poo ft | ts | co [rue | TitowOrderLatches = 
po fet ft fot frit | Tt High-Order Latches | 
| 4 | o | o | o {t2ct | T2LowOrder Latches | T2 Low-Order Counter 
pa fof oj} a | T2C-H T2 High-Order Counter 
Ta fe fs] 0 [sa | sriteesiner 
| + fo f 1 | 4 [Acr | Auniliary Controt Reyister 
| a {1 | of o | PCR Peripheral Control Register 
| a fr {oof a [eR Interrupt Flag Register 
fo 4 [a fo fo fier | Interrupt Enable Register 
Por ft pov 1 Same as Reg | Except No “Handshake” | 
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‘eferred to as the Zero Page Register. In other words, its 
is to store the current "Zero Page” of the memory. The Apple 
f moving the Zero Page, a feature which greatly enhances the 
1e system. 


a secondary function; it also serves as the address register 
e Clock. The RTC must have the addresses stable for an ex- 


time, so instead of adding another latch in the hardware, the 
‘8 port for control. 


me the port is used for the RTC function it must be restored 
iro Page setting. 


providing the following: 
o Bank Switching 
o Sound Register 
‘ oO Interrupt Recognition-clock, keyboard 
ected to the VIA located at B5 which are not common to both 


o the A and B port I/Os, 
o the port control lines, and 
° the CS2 line. 


esponds to FFDX in that it is true for a group of 16 
‘the corresponding table for the complete detail of the 
yeations. 


4 


-are configured as outputs and contain the software switches 
3e Currently, the system segregates the 128K memory into 
decimal decode of the binary bit weight reveals the bank. 


i are configured as inputs. Slot 1 and 2 IRQs, the Solid 
‘tthe IRQ line itself form the respective inputs. 


ad, the processor will poll the VIAs first to get a quick 
le system. It can then identify and service the requesting 
ce it doesn“t need to poll each individual device. 
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The processor can, at certain times, read this port for the status of the 
special Apple switch on the keyboard without disturbing the keyboard circuit. 


The IRQ* signal is wrapped around to the PA7 line for special diagnostic pur- 
posese 


CLK IRQ* 


The Real Time Clock”s interrupt is connected to the CAl line, which tis 
programmed to be a negative edge active input. When the clock generates an 
interrupt, it will set the IRA flag in the IFR. The PA port is conditioned 
for non~latching, however, resulting in a basically independent interrupt for 
the clock. 


Keyboard Interrupt 


The keyboard’s interrupt is connected to the CA2 input, which is programmed to 
be an independent negative edge interrupt. It will set Bit 0 in the IFR and 
cause the IRQ* line to go low. 


Note: The keyboard can, for the most part, be disabled by disabling the 
interrupt flag for the CA2 line. 


VBL (Vertical Blanking) 


This input can perform two functions, depending on how the CBl, CB2, and Shift 
Register are programmed. 


o The system may want to be interrupted at each vertical blanking 
cycle. If so, you would program the CB2 line to be an independent 
interrupt OR let it strobe the IPB and set the corresponding bit 
flag. 


o The system may want to synchronize an operation to the display, but 
may not want to be interrupted at each VBL. If this is the case, 
the system can configure the Shift Register to count 8 occurrences 
of the VBL signale An interrupt will then occur after each set of 
8 Vertical Blanking cycles (about once every second), in syne with 
the display scan. 


PB Port Description 


The first 6 lines of the B port are configured to be outputs. They are inputs 
to the sound Generator. 


o The tone generated at the speaker can be varied by changing the bit 
values of these lines. 


o There are 127 possible tone combinations; the missing one turns the 
tone off completely. 
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PB6 is connected to the I/O Count line. Depending on the device in the slots, 
the VIA may be programmed to count a certain number of pulses generated or to 


determine that only one pulse occurred. Either way, the VIA will generate an 
IRQ and set the appropriate bit flag. 


The last bit is used to monitor the NMI (Non Maskable Interrupt) line 
generated by the devices in the I/O slots. 
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YIA APPENDICES 


seco-omme FFDQ/EQ — veor-oram FFE1/D1 


te} s [sf sf2[rfo BOBOBEOD 
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PB) PAI 
= man OuTP “A” (ORA) 
PB3 OUTPUT REGISTER “B” (ORB) Pe! UTPUT REGISTER “A 
R 

on rw | 0 

PB4 eo oe 
INPUT REGISTER "B” (ORB) INPUT REGISTER “A’ (IRA) 

PBS AS 


Pin 
Pin Data Oirection 
Data Oirection WRITE Selection 
Selection 


DORA = "1" (OUTPUT) | MPU writes Ou:rut Level | MPU reads level on PA pin. 
OORB= "1" (OUTPUT) | MPU writes Output Level | MPU reads output register bit (Input latching disabled) | (ORA) 
(ORB) in ORB. Pin tevel has no affect. DORA = 1" (OUTPUT) MPU reads IRA bit which is 


(Input latching enabled) the level of the PA pin at the 
teme of the last CA! actewe 


DORB = 0” (INPUT) MPU writes into ORB, but | MPU reads input level on PB 
(Input latching duabled) | no effect on pin level, until} pin. 
OORB changed. ° 


OORB = "0" (INPUT) MPU reads 1RB bit, which is 

(Input latching enabled) the fevel of the PB pin at the 
time of the last CBT actrwe 
transition. 


transmon. 


DORA = “0” (INPUT) MPU writes into ORA, but | MPU reads level an PA pin. 
‘Input latching d:sabled) no effect on pim ievel, until 
ODRA changed. 


DORA = "0" (INPUT) MPU reads IRA bit whieh 1s 

(Input latching enabled) the level of the PA pin at the 
time of the last CA1 active 
transition. 


Figure 9. Output Register B (ORB), 


Input Register B (IRB) Figure 10. Output Register A (ORA), 


Input Register A (IRA) 
REG 12 — PERIPHERAL CONTROL REGISTER 


FF OC/EC. 
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INPUT POS EOGE 
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Figure 14. CA1, CA2, CB1, CB2 Control (HIGH IMPEDANCE) 


“1° ASSOCIATED PB/PA PIN [IS AN OUTPUT, 
WHOSE LEVEL IS DETERMINED BY 
ORB/ORA REGISTER BIT. 


REG 10 — SHIFT REGISTER 
FFEA/DA REG 11 — AUXILIARY CONTROL REGISTER 


7 FFOB/EB 
BOBOBBRoRS BOonnEnD W/ 


SHIFT SHIFT REGISTER 
REGISTER 


gITSs MODE CONTROL 


NOTES: 
1. WHEN SHIFTING OUT. BIT 7 IS THE FIRST BIT 
OUT AND SIMULTANEOUSLY IS ROTATED BACK SHIFT OUT UNDER CONTROL OF T2 


INTO BIT O. SHIFT OUT UNOER CONTROL OF ‘Io 
2. WHEN SHIFTING IN, BITS INITIALLY ENTER 


BIT O ANO ARE SHIFTED TOWARDS BIT 7. 


Figure 22. SR and ACR Control Bits 


3.18 


Two bits are provided in the Auxiliary Control Reg- 
ister (bits 6 and 7) to allow selection of the T1 oper- 


ating modes. The four possible modes are depicted 
in Figure 17. 


ff, REG 4 — TIMER 1 LOW-ORDER COUNTER 


“7 OPEEPETE 


WRITE — 8 BITS LOADED INTO 71 LOW-ORDER 
LATCHES. LATCH CON ENTS ARE 
TRANSFERRED INTO LOW-ORDER 
COUNTER AT THE TIME THE HIGH. 
ORDER COUNTER !S LOADED (REG §). 

READ — 8 BITS FROM T1 LOW-ORDER COUNTER 
TRANSFERRED TO MPL’. IN ADDITION, 
TIT INTERRUPT FLAG IS RESET (BIT 6 
IN INTERRUPT FLAG REGISTER). 


REG 5 — TIMER 1 HIGH-ORDER COUNTER 


Tr EEEEEE) 4284S 


L___ 56 
§12 
1024 
2048 COUNT 


VALUE 
4096 


8192 
16384 
32768 


WRITE — 8 BITS LOADED INTO T1 HIGH-ORDER 
LATCHES. ALSO, AT THIS TIME BOTH 
HIGH AND LOW-ORDER LATCHES 
TRANSFERRED INTO T1 COUNTER. 
T1 INTERRUPT FLAG ALSO IS RESET. 


READ — 8 BITS FROM T1 HIGH-ORDOER COUNTER 
TRANSFERRED TO MPU. 


Figure 15. T1 Counter Registers 


REG 6 — TIMER 1 LOW-ORDER LATCHES 


rede feo PEELELLE 


[E 


WRITE ~ 8 BITS LOADED INTO T1 LOW-ORDER 
LATCHES. THIS OPERATION IS NO 
DIFFERENT THAT A WRITE INTO 
REG 4. 


READ - 8 BITS FROM T1 LOW-ORDER LATCHES 
TRANSFERRED TO MPU. UNLIKE REG 4 
OPERATION, THIS DOES NOT CAUSE 
RESET OF T1 INTERRUPT FLAG. 


2 
4 
8 COUNT 
VALUE 


1 
16 
32 
64 
128 


FFOT/E7 


REG 7 — TIMER 1 HIGH-ORDER LATCHES 


La 
512 
1024 
2048 | _ COUNT 
aoog | VALUE 
8192 
16384 
32768 


WRITE — 8 BITS LOADED INTO T1 HIGH-ORDER 
LATCHES. UNLIKE REG 4 OPERATION 
NO LATCH-TO-COUNTER TRANSFERS 
TAKE PLACE. 


READ — 8 BITS FROM T1 HIGH-ORDER LATCHES 
TRANSFERRED TO MPU. 


Figure 16. T1 Latch Registers 


FDC/EL 


REG 11 — AUXILIARY CONTROL REGISTER 


T1 TIMER contaot ————_________ 


[7[6] OPERATION ___| 


TIMED INTERRUPT 

EACH TIME T11S 

LOADED OISABLED 
CONTINUOUS 

INTERRUPTS 

TIMED INTERRUPT | ONE-SHOT 
EACH TIME T1 1S OUTPUT 
LOADED 


CONTINUOUS SQUARE 
INTERRUPTS WAVE 
OUTPUT 


T2 TIMER CONTROL 


5] OPERATION 
0| TIMED INTERRUPT 


COUNT DOWN WITH 
PULSES ON P86 


PA LATCH ENABLE/OISABLE 


PB 0 = DISABLE 
1» ENABLE LATCHING 


SHIFT REGISTER CONTROL 


[4{3]2}oPeRATION 


10/0] 0} OISABLED 
}0] 0] 1] SHIFT tN UNOER CONTROL OF T2 
0} 1/0] SHIFT IN UNDER CONTROL OF 02 


'0{ 1] 1] SHIFT IN UNDER CONTROL OF EXT. CLK 
11{0} 0] SHIFT OUT FREE-RUNNING AT T2 RATE 
11}0{1] SHIFT OUT UNDER CONTROL OF T2 


11] 140] SHIFT OUT UNDER CONTROL OF 02 
11/1] 1) SHIFT OUT UNDER CONTROL OF EXT. CLK. 


Figure 17. Auxiliary Control Register 


Note: The processor does not write directly into the low order counter (T1C-L). Instead, this half of the counter is loaded auto- 
matically from the low order latch when the processor writes into the high order counter. In fact, it may not be necessary to 
write to the low order counter in some applications since the timing operation is triggered by writing to the high order counter. 


REG 8 — TIMER 2 LOW-ORDER COUNTER REG 9 — TIMER 2 HIGH-ORDER COUNTER 


FF OB/ES 
poogsago (: ppp) «(7% 97EP 


' 256 
2 512 
4 1024 
8 COUNT 2048 |_ COUNT 
VALUE VALUE 
6 4096 
32 8192 
64 16384 
126 32768 
WRITE — 8 BITS LOADED (NTO T2 LOW-ORDER WRITE - 8 BITS LOADED INTO T2 HIGH-ORDER 
LATCHES. COUNTER. ALSO, LOW-ORDER LATCHES 
READ — 8 BITS FROM T2 LOW-ORDER COUNTER TRANSFERRED TO LOW-ORDER 
TRANSFERRED TO MPU. T2 INTERRUPT COUNTER. IN ADDITION, T2 INTERRUPT 


FLAG IS RESET. FLAG I$ RESET. 


READ— 8 BITS FROM T2 HIGH-ORDOER COUNTER 
TRANSFERRED TO MPU. 


REG 13 — INTERRUPT FLAG REGISTER 


FFOL/ED 


SET BY CLEARED BY 


CA2 ACTIVE EDGE | READ OR WRITE 
REG 1 (ORA)® 

CA1 ACTIVE EDGE | READ OR WRITE 
REG 1 (ORA) 


COMPLETE 8 SHIFTS} READ OR WRITE 
SHIFT REG 


CB2 ACTIVE EDGE READ OR WRITE ORB* 
CB1 ACTIVE EDGE READ OR WRITE ORB 


SHIFT REG 
PIN CONFIGURATION 


TIME-OUT OF T2 READ T2 LOW OR CA1 
WRITE T2 HIGH 
TIME-OUT OF T1 READ T1 LOW OR CA2 
WRITE T1 HIGH aso 
ANY ENABLED CLEAR ALL 
INTERRUPT INTERRUPTS asi 
° 1 THE CA2/CB2 CONTROL IN THE PCR IS SELECTED AS RS2 
“INDEPENDENT” INTERRUPT INPUT, THEN READING OR RS3 
WRITING THE OUTPUT REGISTER ORA/ORB WILL NOT 
CLEAR THE FLAG BIT. INSTEAD, THE BIT MUST BE AES) 
CLEARED BY WRITING INTO THE !IFR, AS DESCRIBED 00 
PREVIOUSLY. 
e 01 
Figure 25. Interrupt Flag Register (IFR) 02 
03 
REG 14 — INTERRUPT ENABLE REGISTER oe 
05 
7fe{st«taf2|sfo oe 


07 
L__ CA2 2 

CAl cs) 
SHIFT REG (ok J 
CB2 0 = INTERRUPT DISABLED RW 
cB1 1= INTERRUPT ENABLED Te] 
TIMER 2 
TIMER 1 
SET/CLEAR 


NOTES: 

1.1F BIT 71S A“’O’, THEN EACH 1" IN BITS 0 - 6 DISABLES THE 
CORRESPONDING INTERRUPT. 

2.1F BIT 7ISA‘’1", THEN EACH “1° IN BITS 0 - 6 ENABLES THE 
CORRESPONDING INTERRUPT. 

3. |F A READ OF THIS REGISTER (S OONE, BIT 7 WILL BE “0” ANO 
ALL OTHER BITS WILL REFLECT THEIR ENABLE/OISABLE STATE. 
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THE 6551 ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER 

As you know, the Apple /// can be used to communicate to all devices that use 
the RS-232-C standard communications formate This means the Apple /// can 
communicate with letter-quality printers, modems, high speed data collection 
devices, and other computers. The Apple /// has a built in Asynchronous 
Communications Interface Adapter (ACIA). It is located at addresses COFO 
through COF3. This device is solely for use as a serial port input/output 
controller. This RS~232-C protocol, specified by the Electrical Industries 
Association (EIA), is provided at port C connector through two buffer devices 
as shown below. 


SUFFER 


IA PORT C 


The 6551 contains seven registers and five control circuits dealing with the 
control, timing, and interrupt logic of transmitting amd receiving data 
through the serial EIA port. A block diagram of the 6551 ACIA is shown in 


Figure l. 


Before using the 6551, the system (or programmer) must initialize it for the 1/0 
mode. Once initialized it will be set to transmit and/or receive data within 
the parameters set in the control bytes. 


The Apple /// 1/0 addresses for data and control are presented in the following 
discussions. The function of the data byte (depending on location) will also 
be shown. The characters in parentheses next to each register represent the 
function of the associated pin of the ACIA (i.e. R™Read,W=Write). 


RECEIVE DATA REGISTER (RxD) 


The Receive Data Register is accessed with I/0 location COFO (r). The con- 
tents of the Receive Data Register will be the data bits of the completely 
received serial input character. This register is used as temporary data 


storage for the 6551 receive circuit. The first data bit received will be 
the LSB of the data byte (Bit 0). 


COFO (R) RECEIVE DATA REGISTER 


WWHOVIG AOOTH WIOW FHL 


| Sis 


d 


$1u¥ 
u1lG 
10ULNO2 vaisipau 
3AI393u ONVWWOD tea 
( 
suadina H 
Cao, sne ‘ 
hh viva t 
u3isio3y uaisipay °aa 
ox" AS1HS viva 
3A13034 3A13934 
Orv?7d 
WV zwix 
YOLVUINID 
yaisipay 
Liw.x 21H JON LNOD 
anve 
oxy 
‘7O 
¥usg 
91907 uaisipay 
99g 1dNwya.ne snivis 
Ou! 
%) (AO 
w3isioau uaisip3ay 
OXL Ld1HS viva 


LIWSNVYL LIWSNVYL 


(777 0209 


$19 1OULNOD 
LIWSNVUL 
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TRANSMIT DATA REGISTER (TxD) 


To load a byte to be transmitted out the serial EIA port, I/0 location 
COFO (w) must be accessed. The LSB will be the first data bit transmitted. 


COFO (w) TRANSMIT DATA REGISTER (w) 


STATUS REGISTER 


The 6551 continually monitors the condition of the registers and the 
quality of the incoming data. When I/O location COF1 (R) is accessed 
the contents of the Status Register is placed on the data bus. The 
meanings of the eight bits of the status byte are detailed following 
the illustration. 


-COF1 (R) STATUS REGISTER 


IRQ--Bit 7 indicates that the 6551 generated an IRQ to the system 
for one of the folllowing conditions: 


1. Change of status of the DCD line. 

2.- Change of status of the DSR line. 

3. The Transmit Register has emptied. 

4. The Receive Register has filled with a new incoming character. 


(Note: the third and fourth conditions are program controlled as to 
whether or not they inititate an IRQ). 


DSR---Bit 6 indicated the status of the DSR line from the interface. 
O=DSR is low and ready. 1=DSR is high and not ready. 


DCD-~--Bit 5 shows the condition of the Data Carrier Detect line from 
the interface. O=DCD is low and the carrier is detected. |= 
DCD is high and not ready. 


TDRO=-~Bit 4 informs the host that the Transmit Data Register has 
transferred its contents to the outputs shift register and 
now ready to accept another character (byte). O=not empty, 
l=empty. 


RDRF1-Bit 3 indicates that the Received Data Register has been 
filled with a character from the line. O=not full, 1=full. 


OVERR=Bit 2 shows that there has been an overrun error, that is, 
a new character has been transferred to the Received Data 
Register before the previous received character was taken 
by the program and the RDRF1 flag reset. This error will 


not generate an IRQ but should be checked by the program 
so that tht lost data can be recovered. O=no overrun, 1= 
overrun has occurred. 
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FRMERR~Bit 1 informs the program that the incoming data did not 
conform to the parameters set in the Control Register. 
That means usually that when the 6551 checked for the 
position and number of stop bits if found a descrepency. 
This error most often happens when the remote device is 


transmitting at a different baud rate. O=no framing error, 
l=framing error detected. This error does not generate an IRQ. 


PARERR=-Bit 0 indicates that there has been a parity error in the 
incoming data. This error does not cause an IRQ to be gen- 
erated. O=no parity error,l=parity error detected. 


PROGRAMMED RESET 


By accessing COF1 (w) the Status Register will be reset to all O’s. The 


data byte on the bus at that cycle does not have to be any particular 
structure. 


COF1 (w) PROGRAMMED RESET (w) 


COMMAND REGISTER 


To access the Command Register to initialize or modify the Command byte a 
COF2 (w) must be executed with the data byte configured for the desired 
effect. To inspect the contents (or current command structure) a COF2 (R) 
will cause the 6551 to place the contents of the Command Register on the 
data bus. The meaning of each bit is explained below. 


COF2 (r/w) COMMAND REGISTER (r/w) 


Parity ck ctrls--Bits 7 through 5 command the 6551 in regard to parity 
checking. Bit 5 is parity enable. Bit 7 determines whether the parity 
bit position will have odd/even or fixed one/zero function. Bit 6, de- 
pending on the condition of Bit 7 selects either odd or even parity, or 
fixed mark (one) or fixed zero (space). Table -- below clearly shows the 
conditions of these bits. 


ECHO--Bit 4 determines whether the 6551 will echo (transmit a duplicate 


image of what is received) the received data to the remote device. 
O=no echo, l=echo data. 


TRANS CTRLS--Bits 3 and 2 control the 6551 in three (3) functions. They 
are Transmit Interrupt, the state of the RTS line, and the 
Transmit BRK (break, a continuous space on the line for 


approximately 200 milliseconds). Table -- shows which 
state controls which function. 


INT--Bit 1 command the 6551 to either enable or disable interrupt on 
Received Data Register full (bit 3 of the status byte). O#=IRQ 
on RDRF1, l=no interrupt. 
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DTR--Bit 0 enable the 6551 to transmit and receive or not. It also 
changes the state of the DTR output to match the condition of 
the 6551. O=disable xmit/rcv (DTR high), l=enable Xmit/Rcv 
(DTR low). 


CONTROL REGISTER 


The final I/O location on the 6551 is the Control Register. By writing 
to CPF3 (w) with a properly structured date byte four functions are con- 
trolled. They are Number of Stop bits appended to outgoing data byte 
(and checked for on the incoming date byte), the source of the receiver 
clock, and the baud rate selection. By reading location COF3 (x) the 
current control configuration can be seen on the data bus. 


COF3 (R/W) CONTROL REGISTER (R/W) 


STOPB--Bit 7 controls the number of stop bits that will be added to the 
transmitted data word. O=lstop bit, and depending on the word 
length selection 122 stop bits or 1 bit if word length is 8 and 
parity is selected, or 1/2 bits if word length is 5 and no parity 
is selected. 


WORD LEN--Bits 6 and 5 determine the number of data bits that will be 


transmitted or received in the data word. The values (6,5) 
are as follows: 0,1=7 bits; 1,06 bits; 1,1=5 bits. 


“XCLK--Bit 4 indicates the source of the receiver clock. O=external 
clock source, l=baud rate generator (internal). When the int- 
ernal selection is made the RxC pin becomes an output. 


BAUD RATE--Bits 3 through O select the baud rate at which the 6551 will 
operate. Table -- details the various selections available 
based on a standard 1.8432 MHZ clock input. It should be noted 
that 0,0,0,0 selects the external clock as the baud rate source 
but the clock rate is actually dividied by 16 so the external 
clock should be 16x the desired baud rate. 
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SIMPLE SERIAL PORT 


Incorporated into the A /// logic design is a provision for a simple serial 
port. Its main purpose is to support a Silentype printer. However, it is 
not a dedicated port since it shares the same connector with one of the 
joysticks. The user has the option of having the Silentype or a second 
joystick. For most applications, one joystick is more than enough since the 
A /// is not really intended for a "games" player. The joystick would be used 
more for applications like cursor control. 


The serial port is actually derived from a feature of the VIA. Two of the 
port control lines (PBl, PB2) can be configured to be a shift register, hence 
a simple serial port (see the section on VIA’s and read the spec sheet in the 
appendices). In the system certain other software controlled switches must be 
set to enable the port. These switches are found in another addressable latch 
(U177). They control the direction of data and clock to and from the board. 
The VIA is programmed internally to determine its function. 


The signal ENSIO when high enables data from the VIA to the port, when low it 
enables data from the port to the VIA. The signal ENSEL determines the direction 
of the clock, high enables clock from the VIA to the port (if and only if PDL2 

is low), low enables the port to supply the clock to the VIA. ENSEL when high 
also enables the AXCO signal to the port, this can be used as a select or acknow- 
lege to the remote device. The remote device may put status bits on the "switch" 


line which can be used to notify the processor of some requirement mutually agreed 
upon. 


eo 


— swe Qure Vu — 


DATA 
ENO s| = out 
ZH RPYV}LO7O =IN 
LLOUR 


SEnese C=l= our* 
SNC =sO= IN 


¥\e POLZ=O 


\E puL2 = | 


THE OUTPUT °~ 
HSLIO LO, 


Wote > THE VIA MAN SBNO CATR USING IT'S 


OW~p WOLO Of IW WRY Be SelETa&bd 
ATR KR REnove CLO , 


RLSO WT WAM STROBE ORTR IN WIT 
ITS OWW LUOWE COT] IT WAY BE 


SWS) LH AACR Y LKEMOCE COLR, 
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PINOUT OF THE RS-232-C SERIAL INTERFACE (PORT C) 


PIN NAME DESCRIPTION 
l SGND Shield GrouND. 
2 TXD Transmitted Data; serial data output 


from the Apple. 


3 RCD ReCieved Data; serial input to the 
Apple. 
4 RTS Request To Send output; this 


indicates that the Apple is ready 
to transmit data. This line is 
active whenever the Serial Card 
emulation is used. 


5 CTS Clear To Send input; this 
acknowledges that the Apple may 
begin transmission. This line is 
ignored by the Serial Card emulation. 


6 DSR Data Set Ready input; this 
acknowledges that the remote device 
is operational. The Serial Card 
emulation checks this line and will 
not send characters if this line is 
held inactive. This can be used to 
prevent the Apple from overflowing a 
printer input buffer. 


7 GND Signal GrouND. 


8 DCD Data Carrier Detect; this 
acknowledges that the remote device 
is ready to transmit data. The 
Serial Card emulation checks this 
line and will not send characters if 
this line is held inactive. This 
line can be used to prevent the Apple 
from overflowing a printer input 


buffer. 
9-19 No connect. 
20 DTR Data Terminal Ready output; this 


indicates that the Apple is on and 
operational. This line will be 
active anytime the Serial Card 
emulation is used. 
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THE ACIA 


The Apple /// has a built-in 6551 ACIA (Asynchronous 
Communication Interface Adapter). It is located at addresses $COFO 
thru SCOF3 (decimal -16144 to -16141). The ACIA has five registers: 
transmit data, receive data, status, command, and control. 


The transmit register ($COFO) is used to send data out the Apple 
/// to an external device, such as a modem or a printer. A byte is 
transmitted by setting the control and command registers 
appropriately and then polling the status register. When bit 4 of 
this register is one the ACIA is ready to shift the next byte out. 
Often bits 5 and 6 are tested for zero to assure the Data Carrier 
Detect and Data Set Ready are valid as some printers use these lines 
as handshake signals. ° 


Care must be taken when writing to the transmit data register as 
it is at the same address as the receive data register. The 6502 
will do false reads when certain address modes are used, thus 


discarding whatever was in the receive data register. 
The receive data register (S$COFO) contains the last byte received 


from an external source, such as a modem. Bit 3 of the status 
register is one whenever this register is full. 


The status register (SCOF1) indicates the states of Data Set 
Ready, Data Carrier Detect, whether the transmit and receive 
registers are full, and whether a framing, overrun or parity error 


has occured on input. 


The command register (S$COF2) sets the parity, echo mode, 
transmit and receive enables, and BRK transmission. 


The control register ($COF3) sets the number of stop bits, data 
word length, receiver clock source, and baud rate. 


PHYSICAL PINOUT OF THE RS-232-C SERIAL INTERFACE 


13. 12 ~2«©611~—S10 9 8 7 6 5 4 3 2 1 


25 24 23 #22 ~ 2i1 20 19 18 17 16 15 14 
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RS232 CONNECTOR USAGE (PORT C) 


The Apple /// is classified as Data Terminal Equipment (DTE) 
under the EIA RS=-232-C interface specification. It can be directly 
connected to a piece of Data Communications Equipment (DCE), such as 
a modem. To connect the Apple to another piece of Data Terminal 
Equipment (such as a printer), you must use a modem eliminator. 


All output levels are minimum +6 volts when logic 0 and maximum 
-6 volts when logic 1, measured into a 3K ohm load. 


All inputs have a turn-on positive going threshold of +1.25 
volts and a turn-off negative going theshold of +.8 volts, typical. 
All inputs sink a 10 mA current, maximun. 
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CONTROL REGISTER 

The Control Register is used to select the desired mode 
for the SY6551. The word length, number of stop bits, 
and clock controls are all determined by the Control 


Register, which is depicted in Figure 6. C OE 2 


CONTROL REGISTER 


BAUD RATE 


STOP BITS GENERATOR 


0 = 1 Stop Bit 
1= 2 Stop Bits 

1 Stop Bit if Word Length 

‘= 8 Bits and Parity® 
1% Stop Bits if Word Length 
= § Bits and No Perity. 


WORD LENGTH 
DATA WORD 


RECEIVER CLOCK SOURCE 


0 = External Receiver Clock 
1 = Baud Rate Generator 


*This allows for 9-bit transmission (8 data bits plus parity). 


§ 4 3 2 1 90 


7 =6©6 
HARDWARE RESET | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 
procram reser =| ~ | - | - | - |- | - | -] - | 


Figure 6. Control Register Format 


COMMAND REGISTER 
The Command Register is used to control Specific Trans- 
mit/Receive functions and is shown in Figure 7. CL. LED 


COMMAND REGISTER 


PARITY CHECK CONTROLS 


> DATA TERMINAL READY 


0 = Disable Receiver/Transmitter 
(OTR high) 

1 = Enable Receiver/Transmitter 

(OTR low) 


OPERATION 
Parity Disabled - No Parity Bit 
Genersted - No Parity Bit Received 
}ofoj1| Odd Parity Receiver and Transmitter 
Even Parity Receiver and 
Transmitter 
Mark Parity Bit Transmitted, 
Parity Check Disabled 
Space Parity Bit Transmitted, 
Parity Check Oisabled 


RECEIVER INTERRUPT ENABLE 


= IRQ Interrupt Enabled from Bit 0 
of Status Register 


1 = IRQ Interrupt Disabled 


0 


TRANSMITTER CONTROLS 


TRANSMIT RTS OTHER 

sta imvenmuer | ueven | Oe 
Ce [o | aabies | vim | 
oft | enabled [tow [| — 
ft {[ 0 | Disabled | tow |  - | 
Ce Oisbted [tow | Tranamit BRK 


NORMAL/ECHO MODE 
FOR RECEIVER 


0 = Normal 
1= Echo 
7 6 &§ 4 3 2 1 «0 
HARDWARE RESET | 0 | oO | o | o | o | o | 1] 0 | 
PROGRAM RESET | - | - | - | 0] 0} 0} 1] 0° 
Figure 7. Command Register Format 
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STATUS REGISTER COE / 


The Status Register is used to indicate to the processor 
the status of various SY6551 functions and is outlined 


in Figure 8. 


STATUS REGISTER 


Parity Error® 


0 = No Parity Error 
1 = Parity Error Detected 


Framing Error® 


0 = No Framing Error 
1 = Framing Error Detected 


Overrun® 


0 = No Overrun 
12 Overrun Has Occurred 


Receiver Data Register Full 


Transmitter Data Register Empty 


0 = Not Empty 
1 = Empty 


Data Carrier Detect (DCD) 


0 = OCD low (Detect) 
1 = DCD high (Not Detected) 


Data Set Ready (DSR) 


0 = OSR low (Ready) 
1 = DSR high (Not Ready) 


Interrupt (1RQ) 


0 = No Interrupt 
*No interrupt occurs for these conditions. 1 = Interrupt Has Occurred 


5 4 


2 1 #0 


7 6 
HARDWARE RESET | 0 | - | - | 1 | 0 | 0 | 0 | 


PROGRAM RESET 


Figure 8. Status Register Format 


PIN CONFIGURATION 


1 
2 
3 
4 
5 
6 
7 
8 
9 


7 RW 

| je2 

T To} 

08, 

08s PINNO.1__ 
D6, IDENT. 
08, 

DB; 

DOB 

0B, 

DB» 

OSR 

OcO 

Vec _ 
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SYSTEM CLOCKS & TIMING 


MAIN CLOCK (C14M) 


The Apple /// has as its master clock a 14 megahertz crystal controlled 
oscillator. The active components of the clock circuitry are Q10, Qll, and Yl. 
The exact frequency of the oscillator is 14.318 MHz. The slight increase over 


14 MHz is compensated for in other logic. Device B13 provides buffering and 
power amplification to drive all the other loads on the C14M and C14M* lines. 


FREQUENCY DIVIDER 


The next circuit in the system clock section is the frequency divider formed by 
device B12 and B13. This develops both the C7M* and the C3.5M*. 


The C7M signal is developed by clocking the Q* output into the data input of a 
D-type latch. This results in a divide=-by-two function of the clock frequency. 


The C3.5M clock is developed in the same manner. However, the data input to the 
latch is an Exclusive-Or function of C7M and C3.5M at B13. This accomplishes 
two functions: 


re) it divides the C14M clock by 4, and 
ro) it gives a definite phase relationship of C/7M to C3.5M clocks. 


Looking at the timing diagram below we see that the D2 input of Bl2 is high if 
either the C7M or the C3.5 clock is high but not when both are high. This 
function is effectively at 3.5 MHz which toggles on the positive edge of the 7MHz 
clock. The true C3.5M signal toggles on the negative edge of the C7M clock. 


D2 Py Ltd | | | | | 
| 


Pi $ 0F B12 | 
’ 
“Q" TIMING 


The Q clocks are a series of 2 MHz clocks which are out of phase with one another 


by one clock time (refer to the Apple /// Timing diagrams). The rest of the 
System timing depends on the states of the "Q”" outputs. They provide the basis 


MAIN CLOCK, - /4¢MHa 


FREQUENCY DIVIOECR.. 
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for processor and RAM address timing. 


The Q clocks are initialized with each Load Parallel to Serial pulse (LDPS), 
which changes the mode of the LS195 (D1O) from a shift register to a parallel 


loaded register when low. At each load, all of the bits are set high. When 
LDPS* returns high the next clock will shift the zero of Q3* across the register. 


This means that QO will stay high for one clock cyclee Ql will stay high for 2 
clocks, etc. When the Q3* goes high at the forth clock edge after LDPS the JK 
input will now see a "1". Subsequent clocks will start shifting that one across 
the register. When Ql goes high again, LDPS* will be enabled low and another 
load will be accomplished at the next clock edge. The waveforms are assymmetrical. 
Each of QO0-Q2 are up for three clocks and down for four. Q3 is up for four and 
down for three. 


This type of cycling will continue for 128 cycles. Then the Horizontal Phase 
Disable (HPE*) “freeze” will occur. 


HPE* FREEZE 


The HPE* signal will cause the Q states to extend their next cycle by two clock 
times. The purpose of the shift is to shift the phase of the color reference 
signals to the data in the video generator. A detailed discussion of this 
phenomenon is described in the video generator section. How this shift occurs 


is discussed below. 


Looking at the gate array of C9 and Bll we see that since HPE* is normally high, 
the output of C9 is normally low. This de~gates the And inut shared with QO, 

and allows LDPS to function as usual. But when HPE* goes low, which will always 
coincide with C14M going low, the And gate shared with QO will become enabled 

and cause the extension of the LDPS* for two extra clock cycles. This state will 
exist until C3.5M returns high and relieves LDPS*. The next clock will change 
the state of QO and that will not be able to “disrupt” the clocks until the next 
HPE pulse. 


AX, PRELIM, & C1M 


The AX, RAM address (the signal used to select which addressing source [row or 
column] is presented to the RAMs: see RAM Address Logic) is another 2 Mhz signal 
which lags Ql by one half clock cycles. It is developed at All pin 9. 


PRELM can toggle at each positive edge of AX, if the data input to the latch is 


at the opposite state. Looking at Dll (C1M*) we will be able to see just that. 
If PREIM has just toggled low, one half clock cycle later C1M* will toggle high 
which forms the data input to the PREIM Flip-Flop. But remember, the clock to 
the flip-flop is AX, a 2 MHz signal. Dll pin 5 acts much like Bl2 pin 2 in that 
the data is always opposite to the "Q” output of the latch at the time of the 


clock edge, therefore we have a "clock divided by 2" function, of a 1 MHZ output. 
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The RAS signal is QO delayed by one clock and inverted. This is acccomplished 
at D1O pin 15 & 14. (Note: the inversion is done by calling the “Q” output the 
active low signal RAS*, clever huh?) RAS is used in the RAM address logic to 
develop the “row select” signals for the RAMs. 


VIDEO HORIZONTAL & VERTICAL STATE COUNTERS 


This circuit is made up of four 4=-bit binary counters, (F1l0, Fll, Gl, G2), 
which develop the essential signals for partitioning the screen and addressing 


the RAM for all the video data. 

Basically, there are two sections of the circuit: 
1 =~ horizontal postion counter 
2- vertical position counter 


These two counters form the X and Y coordinates of each addressable byte on the 
screene Each byte contains 7 bits or dots in 40 character modes. 


From the various discussions about the Apple ///, we have learned that in the 
40 character mode there are 280 dots across the horizontal line that can be 
defined, and 192 of these horizontal line (280 X 192). In the Apple /// modes 
there are 560 dots in the horizontal line, however, there are still only 192 
horizontal lines (560 X 192). 


The Video Counter works identically in either of these modes. It provides the 
resolution of 40 by 192 matrix. Each one of the 40 horizontal positions defines 
either 7 or 14 dots (40 or 80 character modes, respectively). These dots are 
actually bits of data bytes in memory that are parallel loadedd into a shift 
register and shifted out serially to the video monitor. In the 40 character 
modes the system loads the shift register at a 1 MHz rate and shifts at a 7 MHz 
rate. In the 80 character modes it loads at a 2 MHz rate and shifts at a 14 Mhz 
ratee It is interesting to note that in either mode the state counter increments 
at al Mhz rate. 


The system provides two complete accesses for the video output per increment of 
the state counter, but in the 40 character modes one of these are masked out. 


HORIZONTAL SECTION 


The Horizontal section of the state counter uses 7 of the counter stages and 


develops the HO through H5 and the HPE* signals. The remaining 9 stages of 
the counter develop the Vertical states VA, VB, VC, and VO through V5. 


The Horizontal section provides the capability of a 128 state counter, however, 
it only provides 65 states. This is due to the action of the most significant 
stage, HPE*. The counter actually counts from 64 to 128 then resets to count 
64. Simply, HPE* starts high and when the counter increments HPE* low after 
64 counts it is then reset to state 64 after the next clock input, this yields 
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65 states all together. 


Looking at Fll we see that the HPE* output is connected to the “load” input of 
F10 and Fll. At the next clock input these two devices will be loaded with the 
state determined by what is on the data inputs. All inputs except pin 5 of Fll 
are tied low (disregard the input to pin 6 of Fll at this time). This binary 
state equals 64. So rather than starting back at “zero” the counter jumps to 64. 


For real time considerations of the monitor, it takes 25 states or 25 microseconds 
for the sweep to return from the right hand side to the left side. So the system 


ignores the first 25 states and blanks the video output and the returning trace 
is not shown. The boolean expression for the horizontal blanking would be 
expressed: 


(H4* and H5*) or (H4 and H3*) 


This logical function is done within the G9 Control ROM. Refer to page 10 of 
10 of the schematic diagran. 


In summary, the horizontal counter provides the address necessary for the display. 
It divides the horizontal line into forty (40) sections, and yields the timing 
for horizontal blanking. The HPE* signal is used to momentarily “freeze” some 

of the system timing. 


VERTICAL SECTION 


The Vertical State Counter provides the Y-axis of the display matrix. The nine 
Stages, if left alone to count, would provide 512 states. As in the horizontal 
counter, it is preset to count higher than zero eadch time it reaches the 


“terminal count”. Also, some of the states are used to blank the video while 
the trace returns from the bottom of the screen to the top (VBL). 


The vertical counter effectively counts the number of HPE*“s that have occurred, 
or simply, the number of horizontal lines that have been generated in this scan. 


At this time the counter is reset to count 250. Look at the timing diagram of 
the vertical counter. One can see that all vertical signals would normally 

go low, but instead the counter is loaded with the data inputs. VA will not be 
affected by the teminal count/load and will continue as discussed before. VB 
will be loaded to the present state of “comp” (or VA) which is high. VC and V5 
will be loaded to a low and the rest of the bit states wil be loaded to "1". 
This will decode to decimal 250. 


Six counts later VA through V4 will toggle low and V5 will toggle high. This is 


the point where the logic assumes to be at scan line “zero”. It will now take 
256 counts to reach the terminal count sequence and start again. Using some math 


we see that the counter defines 262 states (256+6 = 262). 


Vertical blanking takes 70 of the 262 states developed by the counter. The 
boolean expresssion for the vertical blanking signal would be: 


(V3 and V4) 
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This signal is developed at F8 pin 6 and is used in the system to indicate that 
a complete scan of the current display page has occurred. It is also an input 
to the Control Rom, G9, and therefore is a modifier to its outputs. 


We were looking for the majic number of 192. Well, if you’ve been keeping track, 


it’s simply the difference of 2/72-/0. 
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DISPLAY MODES 


0 


e 


0 


40 CHARACTER APPLE [I : 40x24 cHARACTER B/W 
TEXT (2K Bytes RAM) 


4Q CHARACTER APPLE ///: 40x24 CHARACTER COLOR 
TEXT - 16 BAcKGRounD, 16 TeExT CoLors 


80 CHARACTER BLACK & WHITE APPLE ///: 
80x24 CHARACTER B/W TEXT 


BLACK & WHITE HIRES: 280x192 B/W Hires (8K RAM) 


FEDIUM RESOLUTION 16 COLOR GRAPHICS APPLE ///: 
80x192 16 CoLtor Hires wITH 40x192 BackGRounD/ 
OREGROUND RESOLUTION 


SUPER HIRES APPLE ///: ‘500x192 B/W Hires 


- APPLE /// HIRES: 140x192 16-CoLor HIRES 


RAM CHARACTER GENERATOR (128 CHaARAcTER) 
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APPLE /// VIDEO 


INTRODUCTION 


The Apple /// has 11 defined video modes of operation. There are 5 Apple ][ 
modes and 6 new Apple /// modes. There are now 3 text modes and 8 graphics 
modese Though the Apple /// can emulate all of the Apple ][ video modes, 
there are many differences in the video hardware between the Apple J[ and 
Apple ///, including: 


o 80 column text with full upper and lower case character 
capability 


o New color text mode 


o Super high resolution black and white graphics 


o 2 new color hires modes 
AND 


o A modifiable character set 


The modifiable character set is a major new feature of the Apple ///. You can 
now change the character set by changing the pattern in the character 
generator. This is possible because of a ram, instead of a fixed rom 
configuration. 


There are also improved video outputs. An NTSC (National Television Standards 
Committee) composite Black and White and color composite, plus the primary 
video signals, are available at the back panel for mixing into the input of a 
high quality RBG monitor. 


The Apple J{ emulation mode has the very same video modes as the Apple ]J[{. 
The Apple ///, while in its native mode, can have the following modes. 
40 Character Apple ][ 


This mode is equivalent to the Apple ][ text mode. The only difference is it 
has upper and lower characters. 


o The screen is divided into 40 horizontal columns and 24 vertical 
lines. 


o The characters are usually white dots on a black background. 
o This mode has inverse video and flashing characteristics. 


o This mode has no color. 
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o This mode has two screen pages mapped into memory: 
- Page 1 is located at 0400-07FF 


- Page 2 is located at O800-OBFF. 


40 Character Apple /// 


This second 40 character text mode is the most interesting and, in a way, the 
most powerful. This is the only color text mode. It has the same screen 
resolution as the Apple ][, and the same video attributes. BUT it also has 
the ability to select both the color of the foreground (dots) and the color of 
the background. Sixteen (16) colors are available as in the Apple ][ Lores 
Graphics. 


o The color resolution can be selected for each character and can change 
for each character. 


o It is interesting to note that by down loading a character set, a new 
low resolution graphics mode can be manufactured from a text mode. 


The page mode is different for this mode since both pages are used at once. 
Why? Because the first page contains the character data and the second page 
contains the color information. The page 2 mode reverses the mapping, that 
is, the characters in page 2 are stored where the color was stored in page l, 
and vice versa. 


In the color byte, bits 4-7 set the foreground color and bits 0-3 set the 
background color. The mapping between color and character is 1:1. That is, a 
character located in 0409, for example, has its foreground color determined by 
the byte in location 0809. 


In the page 1 mode the mapping tis as follows: 
0400-07FF contain the characters 
O800-OBFF contain the color information. 

In the page 2 mode: 

O800-OBFF contain the characters. 


0400-07FF contains the color. 


80 Character Black & White Apple /// 
This new text mode is the same as the 40 column mode with the obvious 
exception that it has 80 columns instead of 40. This 80 column display has 


full upper and lower case, and inverse video. 


Unlike the 40 character mode, it does not have 2 distinct pages. It uses both 
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pages to hold the characters. 
The memory mapping for Page 1 utilizes: 

0400-07FF for the primary fetch 

O800-OBFF for the secondary. 
In this mode, location 0400 contains the first character and 0800 contains the 
second. The third and the fourth characters come from locations 0401 and 0801 
respectively. 
In the Page 2 mode the primary fetch is from QO800-OBFF and the secondary from 


O400-O7FF. Therefore, the first and third characters come from 0800 and 0801 
and the second and fourth come from 0400 and 0401. 


Black & White Hires 


This is a new graphics mode that has a 280 by 192 resolution in Black and 
White only. 


It has two distinct pages: 
Page 1 is located at 2000-3FFF 


Page 2 is located at 4000-5FFF. 


Medium Resolution 16 Color Graphics Apple /// 


This is a new graphics mode for the Apple ///. It has the same dot resolution 
as the Apple ]{ Hires (280 by 192), but it has an expanded color capability of 
16 background colors. The B/W Output will yield 16 levels of grey scale. 


The screen is divided into a 40 wide by 192 high matrix. That is, the color 
selection for foreground and 16 background can change for each 7 dot [0000000] 
pixel segment. You can think of each segment as a one-bit-high slice across a 
character space, as illustrated below. 
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The memory mapping is as follows: 
Page 1: 2000-3FFF each byte represents 7 pixels in the segment 


4Q00-5FFF each byte represents the foreground and background colors 
for the corresponding 2000-3FFF byte. 


Page 2: 2000-3FFF each byte represents the colors 


4000-5FFF each byte represents 7 pixels. 


Super Hires Apple /// 


This is the Apple /// Hires equivalent of 80 character mode. It is a Black 
and White mode which has the dot resolution of 560 Horizontal by 192 vertical 
Spaces. 


There are two distinct screen pages, each with a primary and secondary page. 
Because it is like the 80 character modes, this mode draws its information 
from alternating ram. Each memory byte contributes 7 pixels. In Page 1 mode, 
the primary contains the odd dot groups and the secondary contains the even 
dot groups. The primary (first 7 pixels) is located at 2000-3FFF, and the 
secondary (second 7 pixels) is found at 4000-5FFF. In Page 2 the primary is 


at 6000-7FFF, and the secondary is 8000-9FFF. 


In each byte the Most Significant Bit (MSB) is ignored and the data is 
displayed with the Least Significant Bit (LSB) first from left to right. 


Apple /// Hires 


This is the third new graphics mode. It has 140 by 192 pixel resolution, and 
l of 16 color selection per pixel. In this mode the pixel is formed by a 
group of four dots of the same color. 


There are two distinct screen pages in this mode but the mapping of the 
individual pages is, at first encounter, a bit difficult to master. Good 
luck! 


o The display dot represents a sequence of 4 data bits in the RAM 
display area. 


o Two rams are used starting at 2000 and 4000 respectively and alternate 
bytes are fetched from each ram area. 
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o In any video mode only 7 of the 8 bits of each byte are displayed. 


With this information in mind...and remembering that each pixel in this mode 


is made from 4 bits...-you can see that you need 4 bytes of information to get 
7 pixels. 


The way in which these bytes map into picture elements is shown 
below. 


X2001 _ 
2000-3FFF 14/1; | 
4000 74001 © 
4000-5FFF (1/111 | 
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pititi titi Tt pt Ty 
 p | p2 | px | pg | ps rp CLs? 


@hoppia computer inc. 


4000-5FFF each byte represents 7 pixels. 


Super Hires Apple /// 


This is the Apple /// Hires equivalent of 80 character mode. It is a Black and 
White mode which has the dot resolution of 560 Horizontal by 192 vertical 
Spaces. 


There are two distinct screen pages, each with a primary and secondary page. 
Because it is like the 80 character modes, this mode draws its information from 
alternating ram. Each memory byte contributes 7 pixels. In Page 1 mode, the 
primary contains the odd dot groups and the secondary contains the even dot 
groups. The primary (first 7 pixels) is located at 2000-3FFF, and the secondary 
(second 7 pixels) is found at 4000-5FFF. In Page 2 the primary is at 6000-7FFF, 
and the secondary is 8000-9FFF. 


In each byte the Most Significant Bit (MSB) is ignored and the data is displayed 
with the Least Significant Bit (LSB) first from left to right. 


Apple /// Hires 


This is the third new graphics mode. It has 140 by 192 pixel resolution, and 
1 of 16 color selection per pixel. In this mode the pixel is formed by a 
group of four dots of the same color. 


There are two distinct screen pages in this mode but the mapping of the 
individual pages is, at first encounter, a bit difficult to master. Good luck! 


o The display dot represents a sequence of 4 data bits in the ram dis- 
play area. 


o Two rams are used starting at 2000 and 4000 respectively and alternate 
bytes are fetched from each ram area. 


Oo in any video mode only 7 of the 8 bits of each byte are displayed. 


With this information in mind...and remembering that each pixel in this mode 
is made from 4 bits...you can see that you need 4 bytes of information 

to get 7 pixels. The way in,which these bytes map into picture elements 

is shown below. 
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It is apparent, from the diagram, that picture elements overlap the byte 
boundaries for 7 picture elements and 4 bytes. The basic pattern then 
repeats. 


The four bytes are shifted out in a fashion similar to the other Apple /// 
modes: 


o The first byte comes from the primary and the second byte 
comes from the secondary. 


o The first byte contains the first pixel and the second byte comes from 
the secondary. 


o The first byte contains the first pixel and 3 bits of the second 
pixel. 


o The second byte contains the fourth bit of the second pixel, the third 
pixel, and the first two bits of the fourth pixel. 


o The third byte contains the last two bits of the fourth pixel, the 
fifth pixel, and the first bit of the sixth pixel. 


o The fourth byte contains the last three bits of the sixth pixel and 
the entire seventh pixel. 


We hope the preceding diagram will help you picture what has already been 
described. 


For this mode, Page 1 is mapped with the primary fetch in 2000-3FFF, and the 


secondary in 4000-5FFF. In Page 2 the primary is in 6000~7FFF, and the 
secondary is in 8000-7FFF. 


6.8 
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APPENDIX (VIDEO) 


0 Apple /// Video Logic Block Diagram 
O Video Logic Diagrams for: 


le Hires Mode Page 1, B/W 280 X 192 

2. # Hires Mode Page 2, B/W 280 X 192 

36 Color Hires Mode Page 1, 280 X 192 

4. Color Hires Mode Page 2, 280 X 192 

Se Super Hires Mode Page 1, 560 X 192 

6. Super Hires Mode Page 2, 560 X 192 

7.  #Ahires Test Page 1, 140 X 192 

8.  Ahires Test Page 2, 140 X 192 

9. Color Bar & Grey Scale Test 

10. Apple II Text Mode Page 1, B & W, 40 Column 
ll. Apple II Test Mode Page 2, B & W, 40 Column 
12. Sara 40 Column Text Mode Test, 16 Colors 
13. Sara 80 Column Text Mode Test, B & W 


° Apple /// Video Modes Truth Tables 
re) Video Prom Listing 
fe) Video Prom Equivalent Logic 


PP VIDEO LO 0 LAGR 


CLKEN 80 
ENHREG CH80 DPS 
or —| ) 
VIDEO 
DATA 
SERIALIZE: 


CHARACTER 


GENERATOR 


INVERSH Ww 
LOGIC a 


m by 
maw pr et 


COLOR 
REGISTER D1M 


VIDEO 
CONTROL ROM L a 
@ 


BACKGROUND 
MULTIPLEXER 


14M or 
3.5M (AHIRES) 


A/// VIDEO LOGIC DIAGRAN 


CLKEN 80 


ENHREG 


VB _ & 
oy > vat] ES 8 El 
107 ST OHTRES 


WE2T14 | eres 
LOGIC C 


1 COLOR LATCH 
0E374 G LS$374 
. DIM 


342-0032 


14M or 
3.5M (AHERES) 


Sins 


1. HIRES MODE PAGE 1 - B & W - 280 X 192 
2000.3FFF (8K) 


6.11 


A/// VIDEO LOGIC DIAGRAM 


CLKEN 80 


FROM 
RAM B BUS 


SEL374 


1 COLOR LATCH 
0E374 ° LS374 


342-0032 


14M or 
3.5M (AHIRES) 


Ssise 


2. HIRES MODE PAGE 2 - B & W - 280 X 192 
4OO0.5FFF (8K) 


6.12 


A/// VIDEO LOGIC DIAGRAM 


CLKEN 80 


342-0032 


NOT 1) 77 


14M or 
3.5M (AHIRES) 


3, 230 X Lee COLOR HIRES MODE PAGE 1 ( FGD/BKGD HIRES) 
2000.5FFF (16K) 


6.13 


A/// VIDEO LOGIC DIAGRAM 


CLKEN 80 


ciM VB _¢ 
‘oy > 6000. 7FF va_e] £5 & E4 
104 


oT DHIRES 


WE2TIG baversy M 
LOGIC c 


3 
RO A BUS $8 7E2 8 
4 


1 COLOR LATCH 
0£374 e LS 


DULL UE 
342-0032 p> RGB 
7 c RGBI 
 0E3/ a > 
2 
7 
2 


WOW WOW YT 
J 
x 
@ 
Los] 
PhO 


PULL 
DOWN 


14M or 
G5 3.5M (AHIRES) 
Tatres 


4, 280 X 192 COLOR HIRES MODE PAGE 2 (FGB/BKGD HIRES) 
6000.9FFF (16K) 


6.14 


A/// VIDEO LOGIC DIAGRAM 


CLKEN 80 
17 +508 
ENHREG CH8O es ) 1 COPS 
CTH 13 


2000. 3FFF 


L 
S 
FROM SJ 3 
RAM B BUS 8 oF2 : 
4 


114 


CIM 8 EN 
4000.5FF 


8K 


4 
va_»o!| E5 & EY 
107 "T DHIRES 


L 
5 WE211% J} NVERSI 
3 

A BUS S4 JED [8 a 
4 


SEL374 


; {COLOR LATCH 
0£374 q 13374 


342-0032 


, | 14M or 
SEL374 | 3.5M (AHIRES) 


5. SUPER HIRES MODE PAGE 1 - B & W - 560X192 
2000.5FFF (16K) 


6.15 


A/// VIDEO LOGIC DIAGRAM 


CLKEN 80 


8000. 9FFF 


SEL374 


06374 


342-0032 


14M or 
3.5M (AHIRES) 


6, SUPER HIRES MODE PAGE 2 - B & W - 560 X 132 
6000,9FFF (16K) 


6.16 


A/// VIDEO LOGIC DIAGRAM 


CLKEN 80 


ENHREG 


VB 
ain 8 EN ve 


4000.5FFF 


SEL374 


342-0032 


“SIO A ro D 


14M or 
3.5M (AHIRES) 


SINS, 


SOR EBEEIC! 
Oo 
© 
= 
= 


7, AHIRES TEST PAGE 1 - 140X192 
2000.5FFF (16K) 


6.17 


A/// VIDEO LOGIC DIAGRAM 


CLKEN 80 


NVERS 
LOGIC 


SEL374 ; 
1 COLOR LATCH 
0E374 G LS374 , 


342-0032 


JOT * oD 


14M or 
3.5M (AHIRES) 


SEE RISEHS 


6.18 


A/// VIDEO LOGIC DIAGRAM 


CLKEN 80 


SEL374 


1 COLOR LATCH 
0E374 G LS374 


342-0032 


WW WOW WN 


SEERNSSIC 
vu 
c 
am 
a 
WN noe Merep 


9, COLOR BAR & GRAY SCALE TEST 
2000.5FFF (16K) 


6.19 


A/// VIDEO LOGIC DIAGRAM 


CLKEN 80 


14M or 
3.5M (AHIRES) 


HIRES 


10, APPLE II TEXT MODE PAGE 1 - B & W - 40 COLUMN 
O400,07FF (1K) 


6.20 


A/// VIDEO LOGIC DIAGRAM 


CLKEN 80 


0800. 0BFF 
L 
S 
FROM = 'B BUS a 3F2 
4 


SEL374 


342-0032 


NOT 1) 6 


14M or 
3.5M (AHIRES) 


SSP 


SRISICRINSES) 
a) 
Cc 
r 
ar 


MODE PAGE 2 - B & W - 40 COLUMN 


6.21 


A/// VIDEO LOGIC DIAGRAM 


CLKEN 80 
LDPS 
6 Al5 
7 
4 
* FY 
6 
0800.OBFF LSO4 
L 


4, 


e 
G 
) 


FROM 
RAM 


SEL374 


1 COLOR LATCH 
0E374 G LS374 


14M or 
3.5M (AHIRES) 


342-0032 DS 
L 
S 
9. ; 
PULL 
a DOWN / 
if 


12. SARA 40 COLUMN TEXT MODE TEST- 16 COLORS 
O400.0BFF (2K) 


6.22 


A/// VIDEO LOGIC DIAGRAM 


0800.OBFF 


RAMS 
2114 


0400.07FF] 


L 
S 


3 
7E2 


1K 


06374——d___LS3 


342-0032 


SIS * rr op 


14M or 
3.5M (AHIRES) 


yi TEXT MODE TEST - B & W 


6.23 


Cme itAaAw~ v-vdve gnei = 


; ' 
mon ' 


141420) > 


4Vrixoh SAH Y Zbl X Obl 
Cyd ‘201% 095) SSUIH UadNS 
087) Saal A9Nd /QYY 
(M4 ‘tyix09z) SAMIH IV 
(m/9) AVHD DB 
(md) AVH> PO 
(40109) WAYS YAVH Gp 
(1/9) IVY savy Dp 
Z 39Vd 
(410/21 x01) SAAIHVY ZbIxX Dt} 
C NYG’ tbix095 )SAAITH BAdAS 


yx a7) O2OIH GYAD/ayD4 


ep 


Ul 
Ww am 
= 


s- 


8 
L 
9 (api x dz a 
& Dp | C4 ‘'@plx0sz) SAIIH Ty | © 
° ot (m/s) BVH GB 
. VY (ova) uvHd oB 
1 Oo | (40199) YWAYSUVHD Oh 
| D oO | (8) Wy avHD Pb 
% DIVd 
€502/2 592 |11S92/9S9> 
Pp 
Db 
£) wd] 91 wed) cl mdipy mdicy ud} [Jadigiad] pwd? | pod] ¢zed| fod) za #82 
69| S9| S5| 49 | 691 69]1 949] Gb |" Isy wow 199 wou! $9 Wor 1s WOY ae I atvdy 


C%00).S5 wom weys Sifaino 


cy 
: m ° r x Ss m R gud| wd | gud] / d S SAadOW 
a 5 4S GH MH wh < OACI/A 
oO AS Oo AL Ss (Peeb)| Cech | ecb) | crear ia 
~ 2! QH]}] 9H 9H 


It 
ENWAEGS 
ove 
ENCWRT 
TewrT 4 LSz¢ 6 
co S| 819) wine 
Qo 

066% 
044 - 
p62! BSS Oe ee es 4 
0460!3 ERE RE ee eee eee 


0632 ee ee 
025+ iS ttt ls 
06 t3be mae tt titty} = pe 

Gane eeR 


0h 3 7 pr. Eco 4 


Cyn 12, £536 
13)) 4) 
cAe! 9 
A413 a $ ay te WEIN HIRES 
)sersy DA 2 og 5 pr a i 
DAO oy 4 oe nz | | 
OA! 85, gg | 2 TLL 
io tT tT 
OAS lon =o (SL 2 


| 

ar | 

es ee 
3 Cin 4 ! 

can 2]]D4D rhs : 
csBe : cHao — 8 | | 

Iv a4 PREIM /2 ED; leg ) 3h ac —7|p2 62 ar| © om 

@3 4 Bim 

! 

_ ! 


07 Bb DS De DS 0101 OP LS 132 ys 65: 4? 44 aT crm ; oF a2 Om 
A SET 3 a 
0€37¥__Joe, 5 374 -F3 ° i“ - 92 


: Og G2Q1 Qb G2 QS.42¢ ’ 


BTMUXO 


y 

r¢a ; 
CCC Tox. Slee Ga Catia s 5 : 
CPT foxs at 5 / sete? eq thn wrsen : 
a28 tw 3 [me : 
TTL oes 3 ets © att nes Leite : 

G Qc PRGoZ mt 
Igb lib 3 
wes te uu ree H3 1G + —2irab po pot wi | 


ag] att : | 
+ i 10bé S. 7 ! toa Ct Gd RG/- | f ¢3 Sth, 4 Pe La p4 3 
Tic 7 3 stin| 2 

ow Weenpe al? | ele | 

| oxo) | | (eet 63 CKOSP Clm —— | ! 
pred zg|-$—_—. cs 


C3.5rh 


6.25 


VIDEO OUTPUTS 


0 


0 


NTSC COLOR COMPOSITE VIDEO 


NTSC B/W COMPOSITE VIDEO 


SYNC 


FOUR PRIMARY INDEPENDENT VIDEO LINES 


MIX TO FORM RGB APPLE COLORS 
THREE LINES CAN DRIVE TTL RGB MONITOR 


VIDEO OUTPUTS 


| aK 
SYNCH | RPS | 1s 
Pet: . | 


acaa- 2-—28, ! O.\2. 
2N3904 


TSC 
ete NTSC 


NTSCAGT ale 


C3.SK: ' 9557 . 


ny a 
eee AXLE 


roe 2 nie B&W VIDEO 


RedB —2fnprfi——» xrene, 75-16 RGB 


| [ 
ACB4 Ep f—+ xncot, 55-2. 
| 6 [- 
| ot a 


REB2. —SPAAA J ————xres2, T5-9 
| 


- ww eee ee 
| { -. en eee eee 


Res! Epa pwj2—_—§ reas, SSS 
68 
It 
| | 


SYNCH ER —x srnest, T5-3- 


| oy 6.27 


@foPpic computar inc. 


@gappic computer inc. 


ROM 341-0032 2 


AzA FORLE Prk 
B=B 

C=S4 

D=VBL 
E=PAGE2 
F2AILSw’ 
GeHIRES 
H=MIX 
[=TEXT 
J=V2 

K=2V4 

DO=PG2 
D1#SEL374 
D2=COLRKL’ 
D3#AHIRES 
D4=CH80" 
D520E374 
D6=ALTILORES 
D7=DHIRES 


PG2™ALLSW’ *(HIRES*MIX’*TEXT °) ’*HIRES*PACE2*S4*VBL* 


SEL374=(VBL’*(AIISW*(PAGE2’*(TEXT +MIX*V2*V4) /+PAGE2*(TEXT +MIX#V2*V4) )+ 
ALI SW’ *(AIRES*( PAGE2*S4) ‘+HIRES ’*(PAGE2*S4))))’ 


COLRKL’ #(ALISW*TEXT +ALISW’*(HIRES’ *(MIX+TEXT ° )+HIRES*TEXT °))’ 
AHTRES*®ALLSW’ *(HLRES*MIX*TEXT ) 

CH80° =(AIISW’ *MIX) ’ 

0E374=(ALISW*HIRES * *( TEXT +MIX*V2*V4) °+ALISW’*MIX’*TEXT )’ 
ALILORES#AII SW*HIRES’ *(TEXT +MIX*V2*V4) “+ALISW’ *HIRES*MIX* TEXT 


DHIRES=(AIISW*HIRES*( TEXT +MIX*V2*V4) °+AIISW’ *HIRES )*VBL* 


6.29 


ALISW* 
CH80* 


MIX 


PG2 


MIX 
TEXT 


AIISW* 


AHTRES 


AIILORES 


v4 
V2 


TEXT i 
HIRES a > O 
AIISw* a > O 
— om 


THE COLOR VIDEO CONNECTOR 
av STEEDS SNEED 


Name Description 
| SG Shield Ground. TO tae 
2 XRGB4 One of four GRB outputs. This (and pins 5,9, ~ a 


and 10) is a TTL output with instantaneous color 
information. A linear weighted sum of these four 
Signals will form a true l6-color RGB video signal 


3 SYNCH Composite synchronization signal with negative- 
going tips. 

4 PDI Not used. 

5 XRGB1 See pin 2. 

6 GND Power and signal ground. 

7 -SV -~5 volt power supply. A device may draw up to 
200 ma through this pin. 

8 +12V +12 volt power supply. A device may draw up to 
500 ma through this pin. 

9 XRGB2 See pin 2. 

10 XRGB8 See pin 2. 

Ll BWVID Black and white composite video. This is an NTSC 


composite video signal with. negative-going synch 


tips, 1 volt peak-to peak into a 75 ohm load. 
Color information is encoded as a linear grey scale. 


12 NTSC. Color composite video. This is an NTSC-compatible 
video signal with negative-going sych tips, 1 volt 
peak-to-peak into a 75 ohm load. 


13 GND Power and signal ground. 


14 ~12V -12 volt power supply. A device may draw up to 
200 ma through this pin. 


15 +5V +5 volt supply. A device may draw up to 1 amp 
through this pin. 


This connector supplies 7 different video signals and 4 power supply 
voltages. Through this connector you can hook up the Apple to any 
NTSC color or black and white video monitor. With an additional 
circuit you can hook up the Apple to a studio-quality RGB color monitor. 


All power supply current ratings assume that no peripheral cards are 
installed in the system. If there are cards in the system, be sure 
to account for the current drawn by those cards. 
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DESCRIPTION 


INPUT/OUTPUT (1/0) 


In Apple computers I/O devices are treated very much like memory locations. 
Most of the system’s I/O functions are mapped into the address range C000 to 
CFFF. The I/0 space is enabled by a bit in the Environmental Register. 
Addresses COXX control the on-board I/0. Addresses CLXX, C2XX, C3XX, and C4xXx 
are reserved for the exclusive use of the four I/O slots. The I/O expansion 


space from C800 to CFFF is switched between the I/O slots. Addresses C500 to 
C7FF are always Ram, regardless of the setting of the I/O enable bit. 


I/O ADDRESS SPACE 


_ moo | 
1/0 
Space 
C4FF _ 
R AM 
C800 | 
1/0 
Expansion 
Space 
_ _ CFFF_ 
Normal I/O Enabled 


INTERFACE CONTROL SIGNALS 


For every I/O slot, the Apple /// provides 16 locations that set the Device 
Select* signal and 256 locations that set the I/O Select* signal. 


The Device Select* signal is a signal specific to each slot. It is active for 
for a l6-address block. This signal is ususally used as an enable signal. 


The I/O Select* signal can be used to control a page of memory (256 addresses) 
which could be placed in ROM, in the interface circuitry, for executing 
"driver routines". The 1/0 Select* signal could also be used in circumstances 
where a small amount of read/write memory for temporary storage is needed. 
Each I/O slot has its own I/O Select* signal, and each signal is active when a 
specific page of memory is addressed. 


The I/O Strobe is common to all I/O slots. This signal will be low (true) 
when an address location within the range of C800 to CFFF (2K of memory). 
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INTERRUPTS 


Interface cards that are capable of generating interrupts MUST latch the 
interrupt output until it is reset by the software. In addition, they MUST 


include the ability to mask and unmask their interrupt through software, and 
MUST default to the masked state when the system is reset. 


CO9X Slot 1 Device Select 
C1XX Slot 1 I/O Select 
COAX Slot 2 Device Select 
C2XX Slot 2 I/O Select 
COBX Slot 3 Device Select 
C3XX Slot 3 I/O Select 
COCX Slot 4 Device Select 
C4XX Slot 4 I/O Select 


The method of accomplishing this transmission between the interface and the 
computer is called handshaking. In the Apple ///, the handshaking is normally 
accomplished through the exchange of Device Select*, I/0 Select*, IRQ*, and 
R/W*. The R/W* control signal is used to synchronize the flow of data to and 
from I/0 devices. When the Read/Write* signal is a logic one, the processor 
is reading information from the data bus. Conversely, when R/W* is low, we 
are performing a write to the data bus. 


As you can see, the handshaking between the Apple /// and the interface is 
dependent upon the software. Let us again emphasize the role of addressing 
plays in the I/O process. 


ADDRESSING THE I/0 


There are certain addresses that you can write to or read from to control the 
Operation of the interface card. Where "n" is the number of the slot where 
the interface is installed, these hardware addresses are in the range: 


CO80 + nO to CO87 + nO 


For example, if you install an interface in slot 2, you should write to the 
addresses from COAO through COA7. 


The operations that the interface card performs are initiated by the read or 
write operations presented on these hardware addresses. 
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THE INPUT OPERATION 


In the input operation, whenever the correct address is presented to the 
interface card, the data is present on the data lines D/7-DO. For example, if 
the location C083 + nO corresponds in the software to an input, the data 
presented on D7-DO is accepted by the computer. If the interface card 
contains a control ROM, the code in ROM is being addressed whenever the I/0 
Select line is low; that is when the address on the address lines is between 
CnOO and CnFF). Recall that "n" is the slot number. 


Device Select 


Address Bus 


TYPICAL INTERFACE 
Data Bus 


THE OUTPUT OPERATION 
In the output operation, 
IF the address Co81 + nO represents an output operation 
in the software 
AND the Read/Write* signal is low, 
THEN the data is presented on the data bus and latched into 
the interface whenever the address C081 + nO is presented. 


Device Select 


Address Bus 
TYPICAL INTERFACE 


Data Bus 


SYSTEM TIMING 


A system timing diagram is provided. This diagram shows the timing of some 
signals at the I/O slots in the 1 MHz and 2 MHz frequency modes. 
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THE A/// JOYSTICK 


The A/// has two ports designated for joystick (x and y axis paddles) each 
with two switches. However, unlike the Apple II the ports do not have 
"annunicator"™ outputs. One of the switches is a momentary contact and the 
Other is a toggle. 


The Analog X and Y inputs are read through a ramp type Analog to Digital 
converter (A/D). These values derived must be interpreted by the program. 
The switches are read to the data bus directly through a mulitplexor. 


The 9708 has multiplexed inputs. To select which input channel is to be read 
the proper address must be set in an addressable latch and must be held during 
the PDLEN (ramp start) low cycle. 


The I/O address for the setting and clearing of the A/D addresses and the ramp 
Start is as shown in the following table: 


I/O Address A/D Signal Name 
Function 

C058 AO Clear PDLO 

C059 AO Set 

COSA A2 Clear PDL2 

CO5B A2 Set 

CO5C Ramp Start Clear PDLEN 

Co5D " " Set 

COSE Al Clear AXCO 

CO5F Al Set 


To read the various signals associated with the joysticks the following 
addresses should be read: 


1/0 Address Function 

C060 ,8 Switch O 

C061 ,9 Switch 1/Margin Switch 
C062,A Switch 2 

C063 ,B Switch 3/Serial Clock 

C066 ,E A/D ramp stop (PDLOT) 


Note: The joystick port at J3 (Port A) can be configured to be a serial port 
to support a device like-the Silentype. Care must be taken to insure that the 
port has been configured for the proper device or signal contention will occur 
and give erroneous results. 


The sequence of operation for the A/D would be as follows: 


1) set the desired channel address nto A/D 0 through A/D 2. 
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2) start the A/D by cycling the PDLEN signal low for 40 micro seconds then 
back high 


3) set up one of the timers to count. 
4) test for ramp stop 
5) read the counter 


6) compute the value of the channel input. 


clM 
DEV SEL 
D7 
D6 
DS 
D4 
D3 
D2 
DL 
DO 


+12V 
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Table 33: Peripheral Connector Signal Description 


Pin: Name: Z/o Description: 


l I/O SELECT © This line, normally high, will become low when the 
microprocessor references page $Cn, where n is the 
individual slot number. This signal become active 
during PHO (nominally 500ns) and will drive 12 LSTTL 
loads. ; 


2-17 AD=AL5 I,O The buffered address bus. The address on these lines 
becomes valid within 300ns after the beginning of 


CIM and remains vaild through PHO. These lines will 
each drive 8 LSTTL loads. 


18 R/W t,O Buffered Read/Write signal. ‘ This becomes valid 
at the same time the address bus does, and goes 
high during a read cycle and low during a write. 
This, line can drive up to 10 LSTTL loads. 


19 PHO O Al MHz signal which is identical to Cl1M. This 
line will drive 5 LSTTL inputs. 


20 I70 STROBE O This line will go low. during CIM when the address 
bus contains an address between $CO00 and SCFFF. 
This line will drive 12 LSTTL loads. 


21 RDY ZL The 6502’°s RDY input. This line should change 
only during CIM, and when low will halt the 
microprocessor on the next read cycle. This line 
has a 1K ohm pullup to +5V. This line should be 
driven from an open collector output. 


22 TSADB IT A low on this line from the peripheral will cause 
the address bus to tri-state for Direct Memory Access 
(DMA) applications. This has a1 K ohm resistor 
pullup to +5V. This should be driven from an 
open collector output. 


23 wh Not used in an Apple [11 two DAISHBY CHAIAING 45 PEC HEL S|. 
24 vA Not used in an Apple ///. 
25 +5V 7) Positive 5-volt supply, 2.0 amps total for all 


peripheral boards together (but note a limit of 
1.5 Watts per board). 


26 GND MA System circuit ground. 0 volt line from power 
supply. Do not use for shield ground. 


27 DMAOK 4 Acknowledge signal to the peripheral following 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


DMAT 


LONMI 


‘TRQ 


IORES 


DEVICE SELECT 


its request for the special Direct Memory Access 


(DMA) mode. Informs the peripheral that the DMA 
can now proceed. 


Direct Memory Access (DMA) interrupt. Requests the A 
Apple /// DMA mode. Has al K ohm pullup to +5. 


This should be driven from an open collector output. 


Input/Output Non-Maskable Interrupt. This is HE NME Pees 

equivalent to the IORES (pin 31) line as it will acim $0 dened T 

execute the same code in the Autostart ROM. This ©. ¢4ece 35087 

line should be driven by an open collector output | issuer 
te fe DS Aceyiv 

This line is ignored in Apple ][{ emulation mode. 

It should be driven by a TTL output. 


Input/Output Reset signal used to reset the peripheral 
devices. Pulled low by a power on or RESET key. This 
line will drive 12 LSTTL loads. 


Inhibit line. When a device pulls this line low, all 


system memory is disabled. This line has al K ohn 
pullup resistor to +5V and should be driven form an 
open collector output. 


Negative 12 volt supply, 200mA total for all. peripheral 
boards together. 


Negative 5 volt supply, 200mA total for all. periperal 
boards together. 


The 6502 opcode synchronization signal. Can be 
used for external bus control signals. Will 


drive 10 LSTTL loads. 


Seven MHz high frequency clock. Will drive 10 
LSTTL loads. 


A 2MHz (nonsymetrical) general purpose timing signal. 
Will drive 10 LSTTL inputs. 


Complement of C1M clock. This will drive 12 LSTTL 
loads. 


Provides the $C800 space disable function directly 
without address decoding (SCFFF is used for Apple ]}[ 
peripherals. It is addressed from $CO2x. This line 
will drive 12 LSTTL loads. 


Phase CIM clock. This is the same as the 
microprocessor’s 1 MHz clock. This will drive 12 
LSTTL loads. 


This line becomes acive (low) on each peripheral 
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connector when the address bus is holding address 
between $COn0O and S$COnF where n is the slot number 
. plus $8. This line will drive 12 LSTTL loads. 


42-49 D7=D0 Z,0 The 8-bit system data bus. During a write cycle, 
data is set up by the 6502 less than 300ns after 


the beginning of CIM. During a read cycle the 
6502 expects data to be ready no less than 100ns 


before the end of CIM. These lines will drive 8 
LSTTL inputs. 


50 +129 oO Positive 12 volt supply, 300mA total for all peripheral 
boards together. 


“NCTE: Tera POWELL DetuWw EY AMY QE FER PEAR brie (8 MoT Te 
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The Real Time Clock/Calendar 


A real time clock has been incorporated into the A /// using 58167 CMOS 
Clock/Calendar chip. This chip has the resolution to count to thousandths of 
a second. The clock circuitry can be set to cause an interrupt at intervals 
from a tenth of a second to interrupts every month. 


Since the clock is a CMOS circuit it consumes about 10ua in the standby (power 
off in the Apple ///) mode. This is about the same as a normal LCD watch. 
Three "AA" alkaline batteries are mounted in a battery pack that clips to the 
casting near the internal speaker. Wires attached to the battery holder 
connect to a 2 pin molex connector at location G13. 


This clock chip is not a member of the 6500 family and is not directly 
compatible. Special considerations have been incorporated into the logic design 


to allow the Apple III to access and control of the clock chip. 


The timing requirements for the clock chip require that the address lines be 
latched for much longer than the processor can accomplish in normal 
operations, so the clock is addressed with the "Zero Page Register" (the B 
port of VIA BO). The operating system will temporarily store the current zero 
page address at another location then write the desired clock address into the 
zpage register. The processor clock, PHO, is extended to ~~-usec by the action 
of the prom 180 and associated circuit. The clock chip also requires a 
Separate read and write strobe so appropriate logic was designed to split the 
R/W signal into a read and write strobe. 


When the processor has completed its access to the clock it will return the 
proper zero page address to the VIA and PHO will return to its normal 
operation. 


Please refer to the specification sheet in the Appendices for complete details 
of the clock. 


The transistor array performs two functionse One it supplies Vcc from the power 
supply when the Apple /// is “on", and develops a power down strobe to the clock 
chip to set its standby mode just before the supply fully decays. 


The clock may be programmed that while it is in the standby mode to provide a 
PDINT to an external device which may restore power to the Apple to service a 
particular device. This feature would be very useful in communications networks 
that poll at specific times in off-hours. However, at the time of this printing 
no such remote device has been specified. 


The clock runs on a 32KHZ crystal may be adjusted to an operating tolerance of 5 
minutes a monthe There are two methods used, on is a vertifications of 
operation using software, this however has the accuracy of approximately 5 
minutes a month, which for many applications and users is close enough, but for 
those users who demand a closer setting a method of setting the clock using an 
accoustic probe and frequently meter is available. The only problem with this 
is the cost of the calibration equipment (nearly $1000 per station). Level II 
centers will most likely be equipped with these devices. 


It should be noted that there is a slight shift if frequently between power on 
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and standy modes. Depending on the actual usage of power on and off the clock 


may vary perceptibly over the course of a month. So it is best to describe 
the entire function as a clock, not a chronograph. 
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THE KEYBOARD 


The Apple /// has a built-in 74 key typewriter-like keyboard which includes 
full alpha/numerics, four cursor control keys, two special function keys, and 
a numeric keypad. It has full upper and lower case ASCII code generation 
capability as well as full incorporation of Apple J[ functions. 


The drawing on the previous page shows the standard keyboard legend and 
details the keystation number. Note that in addition to the 74 keys there is 
a recessed Reset key. Every key on the keyboard can be observed individually 
by the soft-~ ware. The Control and Shift keys modify the key codes when 
presented to the system. 


The keyboard {s electrically connected to the main circuit board by a 26 con- 
ductor ribbon cable. The cable plugs into a socket on the keyboard and the 
main circuit board. The signal assignment is shown on the Pin Signal Assign- 
ment table. 


Repeat Functions 


Any key held down for more thn 1/2 second is automatically activated to repeat 
at a 10 CPS ratee A high speed (30 CPS) repeat function is activated by 
holding down the closed Apple key (Key #68) after depressing and holding the 
key to be repeated. An idiosyncracy of the Apple /// is that if the closed 
Apple key is depressed before another key, it is displayed as only one charac~ 
ter. If it is depressed after another key, the high speed repeat is 
activated. 


The four cursor control keys (63, 70, 71, 72) are two-contact keys. This 
means that as the key is partially depressed, it makes its first contact 
generating a signal code. When it is fully depressed, it will make a second 
contact, automatically activating a high speed repeat of that key. 


READING THE KEYBOARD 


The keyboard can be thought of as two hardware ports (busses) that can provide 
two distinct types of data. The first type is ASCII, which is addressed by 
Memory Address C000; we will call this the KA porte The KA port always con- 
tains the lower 7 bits of the ASCII code and, like the Apple J[, uses the MSB 
as a “keyboard data ready” flag. The second type of data is addressed by 
Memory Address C008; we call this the KB port. The KB port looks at the 
“direct connect” keys and at the eighth bit of the key code. A summary of the 
bit meanings for these two types of data is shown in the table at the top of 
the following page. 


_ i | 
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KEYBOARD ENCODER MATRIX 


YO 
Yl 
Y2 
Y3 
Y4 
Y5 
Y6 
Y/7 
Y8 


Y9 


XO 
X1 
X2 
X3 
X4 
X5 
X6 


X7 


KEYBOARD VERTICAL Y 


A Z ESC TAB 
l Q S X 
2 W D C 
3 F V 
4 R H B 
5 T G N 
6 J Y Y 
7 + U 3] 
8 wy I P 
9 §[ 0 


KEYBOARD HORIZONTAL X 


ESC ol 2. 3 4 
TAB Q WE R 
AS D FG H 
ZX C vB N 
G~- += kt 
pt 7 


SPACE 

J M 
K Cc; 
; ~~. 
6e 8 L 
5 6 
T Y 
J K 


KEY PAD 
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RHAKEKKEKKKKKRKEKRERERERRRRERERREEREARHRRRERKRKEKKRR KKK KKK RK 


MEMORY ADDRESS REFERENCE 


RAAKKKEEKERKEKKKEREREKRERKEEEERERRREEERERERKRERKEREEREREKEKERKRKKKKRKKKKKRKRKKKKRKKKK 


KA PORT (C0OQQ) KA PORT (C008) 
Bit 0 ASCII Bit 0 * Bit 0 "1"="any key down” 
Bit l ASCII Bit l * Bit 1 "O"="shift depressed” 
Bit 2 ASCII Bit 2 * Bit 2 "O"="control depressed" 
Bit 3 ASCII Bit 3 * Bit 3 "O"="alpha lock set” 
Bit 4 ASCII Bit 4 * Bit 4 "O"="Apple 1 switch depressed” 
Bit 5 ASCII Bit 5 * Bit 5 "O"="Apple 2 switch depressed” 
Bit 6 ASCII Bit 6 * Bit 6 "1"="start up uncommitted mode” 
Bit 7 “1"="data ready flag” * Bit 7 ASCII Bit 7 


RERKKEEKRREKKEEKEEEEREERERERERERREERERRREKKRKKKKE KKK 


The KA data is used exactly like that in the Apple J[ keyboard. The KB data 
is provided for function expansion. The KB ports 1 to 5 are direct mechanical 
connections to defined function switches. Bit 0 is an output from the encoder 
circuity and bit 7 is the eighth bit of the key code. Bit 6 is a special bit, 
a flag used during turn-on to show that the operational mode (Apple /// or 
Apple ][{) has not yet been determined.. 


It should be noted that the Reset key cannot act on its own but has to be 
depressed with another key. This is a safety feature to prevent blowing away 
a good nights programming effort. Now isn“t that nifty!? A CONTROL- RESET 
will give a true system reset. However, it cannot be used for recovery from 
Apple }[ modee The CONTROL-RESET will also give the system an NMI (Non- 
Maskable Interrupt). This provides Apple /// with two levels of "reset." 
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KEYBOARD CODES 


A complete list of the codes generated by the encoder circuitry is presented 
is the following table: 


Table: Apple /// KEYBOARD CODES (HEX) 


Key # Key Name US SH CT SU-CT Key # Key Name US SH CT SU-CT 
1* ESCAPE 9B 9B 9B 9B 39 F 46 46 04 04 
2 1 31 21 31 31 40 G 47 47 O7 07 
3 2 32 40 32 #&24«200 41 H 48 48 08 £08 
4 3 33 23 33 —S 3 42 J 4A 4A OA OA 
5 4 34 24 34 24 43 K 4B 4B OB OB 
6 5 35 25 35 25 44 L 4C 4c OC OC 
7 6 36 5E 36 8 53 45 ; 3B 3A 3B 3A 
8 7 37 26 37 #26 46 ° 27 22 27 22 
9 8 38 2A 38 °#2A 47 RET URN OD OD OD OD 
10 9 39 28 39 + 28 48% 1 Bl Bl Bl Bl 
11 0 30 29 30 #29 49% 2 B2 B2 B2~ B2 
12 - 2D 5F 2D IF 50* 3 B3 B3 B3_ B3 
13 = 3D 2B 3D 2B 51 SHIFT = # os" KB-1 *--7--- 
14 BACKLASH 5C 7C 7F 1C 52 Z 5A 5A 1A 1A 
15% 7 B/ 6B/ B/_ Bi 53 X 58 58 18 18 
16* 8 B& B8 B8 B8 54 C 43 43 03 03 
17* 9 B9 BI BO B9 55 V 56 56 16 16 
18% TAB 89 89 89 89 56 B 42 42 02 02 
19 Q 51 51 11 = #11 57 N 4E 4E OE OE 
20 W 57 57 17 #17 58 M 4D 4D OD OD 
21 E 45 45 05 £05 59 , 2c 3C 2C # £3C 
22 R 52 52 12 12 60 ° 2E 3E 2E  3£ 
23 T 54 54 14 14 61 / 2F 3F 2F £3F 
24 Y 59 59 19 19 62 SHIFT = = = s---- KBol acer 
25 U 55 55 15 15 63% UP-CURSOR 8B 8B 8B _ 8B 
26 I 49 49 09 #09 64% 0 BO BO BO BO 
27 @) 4F 4F OF OF 65* ° AE AE AE AE 
28 P 50 50 10 10 66 ALPHAsLK 7-777" KB-377777- 
29 RT ~BRACK 5B 7B 1B 1B 67 APPLE 1 -=7-7-- KB-4~77~~7-- 
30 LT-BRACK 5D 7D 1D 1D 68 APPLE 2 mann KBA9 22477 
31 LT~BRACK 60 7E 60 7E 69* SPACE AO AQ AO AO 
32* 4 B4 B4& B4 B4 70% LT~C URSOR 8B 8B 8B 8B 
33% 5 B5 BS B5 B5 71% RT-C URSOR 95 95 95 95 
34* 6 B6 B6- B6 B6 72* DN~C URSOR 8A 8A 8A 8A 
35 CONTROL £+-*="77>- KB-2---7-- 73% - AD AD AD AD 
36 A 41 41 Ol Ol 74% ENTER 8D 8D 8D 8D 
37 S 53 53 13 13 

38 D 44 44 04 04 


* Bit 7 (MSB) on these keys appears on bit 7 of KB port, on the KA port. 


Note: the keys on the numeric keypad have only one codee Shift and Control 
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~ 


have no effect on these keys. 


THE APPLE II EMULATION MODE 

In this mode the Apple /// special functions are locked out, making the 
keyboard look exactly like the Apple ]{. Thus, the Apple ][ software does not 
look at the KB port and must get all the Apple ][{ codes for the KA port. This 
is the reason for coding and bit arrangements. However, the Apple /// 
functions are not really locked out and could be read by an enterprising 
programmer, if desired. 


Some of the keyboard codings which should be noted because of the Apple II 
emulation mode are: 


1. “NUL” is a control-@ (Control-Shift-2). With the Apple ][, the 
“NUL” is a Control-Shift-p. 


2.- “RS”, record separator, is a control-Shift-6, which corresponds 
to control-Shift-n in the Apple ][. 


3. The Shift-m, for a left square bracket in the japple ][{, is not 
available in the emulation mode since the character is represented 


on the keyboard. The "GS", group separator, is a Control-left 
bracket rather than the Control-Shift-m. 


4. "BS", backspace, has been retained for the left arrow and "“NAK", 
negative acknowledgment, for the right arrow for both the Apple 
]{ and Apple /// modes. 


5. “VT", vertical tab, and “LF, line feed, were chosen for the up 
and down cursor keyse In the Apple }][ mode these will not give 
a cursor movement (unless the operating system is changed) but 
will give the Control-k and Control-j codes. This could cause 
some slight confusion for those Apple ][ programs that use those 
codes (-.enow he tells me!). 


6. The autorepeat and high speed repeat functions will work for the 
Apple ][ just like they do in the Apple /// mode. Nice! 


ELECTRONIC CIRCUIT DESCRIPTION 


Please refer to sheet 9 of 10 of the Schematic (Drawing Number 050-0039) for 
the following Keyboard Logic circuit description. 


The Apple /// keyboard is simply an 8 by 10 X,Y matrix which is scanned by the 
encoder circuit [keyboard encoder rom H14] on the main logic board. All keys 
are scanned with the exception of five keys [shift, control, capslock, Applel, 
Apple2] that are direct connected. The second contacts of the cursor keys 
(high speed repeat function are OR d wired into the Apple2 switch line on 
KB-5. 
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On the main board the encoder scans the keyboard matrix and provides the 
correct code outputs plus a strobe and an “any key down" signal. A diagram 
for the key matrix shows the key locations, and their ASCII character 
representations are shown on the following page. The special function keys 
can be detected separately from the standard control keys by observing that 


the MSB of the KB port is set high. 


The A3 signal to the Tri-state data selectors (LS257’s) selects whether the 
output of the LS25/7 will be a KA or KB port. If A3 is high, selected by 
memory address C008, the KB port is selected. The KBD line enable the reading 


of data off the keyboard. 


The Repeat Function: The normal repeat function (10 cps) that occurs when a 
key is held down is the result of clocking and resetting the flip-flop Hll 
(feeding into H12). This is accomplished by the AK (any key) and DTRDY (data 
ready) setting, Hl11 then having CLRSTB (clear strobe) resetting the flip-flop. 
The Apple2 key, when depressed after a character key, engages the high-speed 
repeat function. The combination of the Apple2 key signal clocking the edge 
triggered flip-flop (HI11), and pulse change to the inputs of the 556 (L10) 


dual timers speeds up the timing. 


The Reset Function: The power on reset is provided by the one shot (A5). 
Depressing the reset key results in a soft reset. This causes the KRESET line 
to go low and enable the LS139 (J11). If the Control key and the Reset key 
are both depressed, a hard reset results. This hard reset can be foiled 
through sophisticated programming. The RESETLK (reset lock signal) provided 
from the Environmental Register [6522 - B6], can disable the Reset and NMI. 


(Try it!) 


Keyboard Light: The keyboard light indicates the VCC is provided to the key- 
board. If no light is observed, check Q9 [MPV 51]. 


P/N SIGNAL ASS/ENMEST~ 


Pin # MNescription 


l v0 
2 Y1 
3 Power Lizht 
4 2 
5 sople 2 (high speed repeat) 
f v3 
7 Apple 1 
q v4 
9 Alpha Lock (alternate action) 
\O YS 
Ll Control 
12 Ys 
13 Sisnal Ground 
14 ne) 
15 Reset 
146 X2 
l7 x/ 
le x2 
19 x5 
2 X3 I3 
2] XG 12 
22 X9 
23 Yh it 
24 Shift (both keys) 10 
25 Y7 
26 XA 9 
8 
7 
G 
F 
 ¥ 
3 
72 
/ 


Key 


<space> 
ESCAPE 


<left arrow> 

<right arrow> 
<up arrow> 

<down arrow> 


ENTER 


HNDWDONVO SA SMAGH ROW MOO Ww PS 


3 = REPRESENTS HEXADECIMAL 


Alone 


SAO 
$9B 
SBl 
$B2 
S$B3 
SB4 
SB5 


CONTROL SHIFT 


$A0 
S9B 
$Bl 
$B2 
$B3 
SB4 
$B5 


SAO 
S9B 
SAl 
§CO- 
SA3 
SAG 
SAS 
SDE. 
SA6 
SAA 


NK MEAG 


$D5 
SD6 
$D7 
SD8 
$D9 
SDA 


$95 
$96 
$97 
$98 
$99 
SIA 


SD5 
SD6 
$D7 
$D8 
$D9 
SDA 


$95 
$96 
$97 
$98 
$99 
S9A 


Ll 


areradeM 


sin 
Lo )e],], ae 
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THE APPLE /// POWER SUPPLY 


The Apple /// power supply converts power from the AC line to DC. This is 
a constant voltage power supply. This means: 


1. The output voltage is maintained constant regardless of changes in the 
load, line, or temperature. 


2. The Apple /// power supply is a free running flyback type, off line 
switching power supply. 


- It can accept either 115VAC or 230VAC (jumper selectable) and 
delivers 4 regulated DC outputs at a total of 55 watts. 


- It supplies +5, -5, +11.8, and -—12VDC. 


- It is called a flyback type power supply because energy is trans- 
ferred from the primary of the transformer to the secondary when 
the switching transistor switches off (during flyback). 


The following paragraphs will describe the switching power supply in more 
detail. 


The regulating element of the switching power supply consists of a transistor 
that acts as a rapidly opened and closed switch. The AC input is rectified 

to unregulated DC, then "chopped" by the switching element components at a 

fast rate, approximately 25kHz. The resultant is transformer-coupled to an 
output network which provides the final rectification and filtering. Regulation 
is accomplished through control circuits that vary the on-off periods (duty 
cycles) of the switching components. 


Advantages 


1. Greater Efficiency 


- Lower power is dissipated because of the on/off role of the 
regulator. The switching transistors dissipate very little 
power when either saturated (on) or cutoff (off). With less 
wasted power, the switching power supply runs at cooler tempera- 
tures and costs less to operate. 


2. Size and Weight 
- Because components such as capacitors, transformers, and induc- 
tors operate at high switching rates they can be smaller and 
weigh less than those that operate at power line frequencies. 


3. Operating Conditions 


- The switching power supply can operate under low AC conditions 
and can sustain (holdup) its output if input power is momen- 
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tarily lost. This is because the AC input is rectified and the 
filter capacitors charge to peak voltages on the AC line. 


Disadvantages 


1. Transient Recovery Time 


- The dynamic loading regulation is slower than that of the series 
regulated supply. The recovery is limited mostly by the induc- 
tance of the output filter network. 


2. EMI (Electro-Magnetic Interference) 


- This is a natural byproduct of this type of power supply. This 
EMI can be conducted to the load (resulting in higher output 
ripple and noise), and it can be conducted back into the AC 
line. (Now you know where that stuff on TV came from). 


- Apple designed this power supply with filter networks and 
shielding to greatly reduce EMI. 


HOW IT WORKS! 


Regulation is accomplished by a switching transistor Q2 operating under control 
of a feedback network. The feedback network, consisting of a voltage compari- 
tor and blocking oscillator, controls the duty cycle of the oscillator. 


The energy is transferred from the primary to the secondary of the transformer 
and delivered to the output rectifier/filter. Here the waveform is rectified 
and averaged to provide a DC output level that is proportional to the duty 
cycle of the waveform. 


Referring to the block diagram, Figure x.x below, note that: 


o The AC is passed through an EMI filter and then rectified to provide 
approximately 300 VDC across the capacitive input filters (C6, C7, 
C8, C9 of the schematic diagram). This voltage is applied to the 
primary of the transformer (T2) by the switching elements (turning 
on power transister Q2). A linear current ramp is developed by the 
primary inductance of the transformer. 


o When the switching elements are turned off, the energy stored in 
the transformer is transferred to a second set of rectifiers 
through a capacitive filter network to provide filtering of the 
output e 


o The +5 volt output of the final rectifier network is compared to 
a reference voltage, and the error is fed back to a blocking oscil- 


lator. 


o The blocking oscillator basically changes the frequency depending on 
the output voltage. This in turn changes the repetition rate of the 
switching elements, which changes the energy transfer through the 
transformer and voltage output. This is how regulation is accon- 
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plished. 


o If the output voltage should change in such a way that the blocking 
oscillator goes into saturation, the output is essentially cut off. 


DETAILED HARDWARE DESCRIPTION [Refer to Schematic] 


A THERMISTOR, R1, is used to limit AC input surge current by its negative 
temperature coefficient of resistance. When cold, during turn on, RI has a 
high resistance; after it heats up, Rl has a low resistance. 


VDR1 is a varistor and is used as a transient suppressor. It keeps voltage 
spikes that result from power supply switching from affecting the performance 
of the power supply. It basically provides AC line surge current protection 
at turn on. 


THE AC LINE SELECTABLE JUMPER, when connected to 220V position, causes the 
power supply to act as a conventional full wave rectifier. For 120V AC inputs 
the input circuitry becomes a voltage doubler. 


THE EMI FILTER made up of Tl, Ll, L2, and Cl, helps prevent high frequency 
RFI spikes from being conducted to the load or back into the AC line. 


DB1 is a diode rectifier bridge. 


THE SWITCHING ELEMENT consists of the circuitry associated with Q2 and Ql. 
You may recall that the linear current ramp, developed in the primary of the 
transformer when Q2 is turned on, is transferred to the secondary when Q2 is 
turned off. 


The turn on of Q2 is accomplished by R2 for starting, and thereafter 
by the feedback winding in T2 driven by R4 and Cl0. This winding initiates 
turn on during the ringdown following the flyback. 


If a sufficient voltage is developed across R9, Ql will be forward bias. 

This would occur if by chance one of the output voltages were shorted. In that 
case, the oscillator would stop and shut off all the outputs, pause for 1/2 
second, and attempt to restart. 


THE OUTPUT RECTIFIER DIODES, D7 through D12, provide rectification, but also 
protect internal components against reverse currents that could be injected 
into supply by an active load. 


ICl helps accomplish regulation by comparing the output voltage against 
its own internal reference and delivering a voltage level to the base 
of Q3. 


The emitter of Q3 is driven by a positive going ramp created by the inductive 
resistance associated with R14 while Q2 is on. When this voltage is sufficient 
to forward bias the emitter—base junction of Q3, conduction of Q2 is terminated. 


You can now see that the operating frequency varies with the line and load. 


OVERVOLTAGE PROTECTION is accomplished by sensing the +12V level via the re- 
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sistor voltage divider of RI7 and R18, referenced to the zener voltage on Zl. 
When the +12V output rises above tolerance, Q4 is turned on, which in turn 
triggers SCRIl. SCRI then clamps the +12V to ground, causing the power supply 


to fold back. 
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REF DESCRIPTION QTY PART NUMBER 
AC Input Socket 149-00200020 
Connector Housing 1 CCT l 138-00000170 
Crimp Terminal l 403-02200510 
Double Side Tape Width=3x4mm 20 027-01400019 
Faston Tab l 403-0220070u 
Heatsink 398-00200060 
Insulator 298. 45X88.9MM 1 183-00101410 
Nut M3 P=0.5 MS/NP 2 394-00400011 
On/Off Switch l 278-01100010 
Pan ] 403-01101810 
PHL Pan M.C Screw M#x12 P=0.5 BS/NP 2 391-20204141 
PHL Pan M.C Screw M3X8 P=0.5 BS/NP 3 391-20204061 
PHL Pan M/C Screw M3X8 P=0.5 BS/NP l 391-20204021 
PVC Coating CU Wire 100MM ULIO1L5 1 356-12200571 
PVC Coating CU Wire 80MM ULLOL5 l 357-11800545 
PVC Coating CU Wire 95MM ULLOLS ] 35612200566 
Rectifier RG3B 3 226-10700011 
Resistor, 68K +-5% 1/4W, Carbon Film 2 240-68306022 
Resistor, 82K +-5% 1/4W, Carbon Film 2 240-82306022 
SCR C122u 1 227~-13000010 
Solder Bar l 366-00130010 
Solder Bar 60/40 0 366-00130010 
Spring Washer M3 BS/NP 10 392-00800031 
Standoff M3 8 393-00200100 
BRI Bridge Rectifier KBP10 226-30500010 
COl Cap, 0.22uf, 250VAC, Metallized Paper ] 068-22400010 
C02 Cap O.luf, 250VAC, Metallized Paper l 068-10400010 
C03 Cap, 4700pf, 400 VAC, Ceramic 2 055-47220001 
C04 Cap, 4700pf, 400 VAC, Ceramic 2 055-47220001 
C05 Cap, O.-luf, 400 V, Polyester l 058-10400100 
C06 Cap, 100uf, 250V, Electrolytic 4 057-101201170 
C07 Cap, l00uf, 250 V, Electrolytic 4 057-101201170 
C08 Cap, 100uf, 250v, Electrolytic 057-10120170 
C09 Cap, 100uf, 250V, Electrolytic 4 057=-101201170 
C10 Cap, 100uf, 250V, Electrolytic 1 057-22120080 
Cll Cap, 0.00luf, 3KV, Ceramic 055-10261328 
C12 Cap, 22uf, 100V, Polyester 2 058-22400120 
C13 Cap, 1000uf, 1OV, Electrolytic 6 057-10220020 
C14 Cap, 1l000uf, LOV, Electrolytic 6 057-10220020 
C15 Cap, 1000uf, 10V, Electrolytic 6 057-10220020 
C16 Cap, 1000uf, 1LOV, Electrolytic 6 057-10220020 
C17 Cap, 330uf, 16V, Electrolytic 057-33120080 
C18 Cap, 22o0uf, 10V, Electrolytic 1 057-22120060 
C19 Cap, 0.22uf, LOOV, Polyester l 058=-22300080 
C20 Cap, lOOOuf, LOV, Electrolytic 057-10220020 
C21 Cap, 0.22uf, 1LOOV, Polyester 058-22400120 
C22 Cap, l1000uf, LOV, Electrolytic 057-10220020 
C23 Cap, 330uf, L6V, Electrolytic 3 057-33120080 
C24 Cap, 680uf, 1L6V, Electrolytic l 057-68120010 
C25 Cap, 330uf, 16V, Electrolytic 3 057-33120080 
C26 Cap, 0.1/1KV, Ceramic 1 055-10360925 
DO1 Diode, Rectifier, RGPILOA 1 226-10400050 
DO2 Diode, Rectifier, RGP1LOM 2 226-10400100 
DO3 Diode, Recitifier, RGP1OM 2 226-10400100 
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REF DESCRIPTION QTY PART NUMBER 
D04 Diode, Rectifier, 1N4001GP l 226-10400080 
DO5 Diode, Silicon, 1N5282 3 212-10700200 
D06 Diode, Silicon, 1N5282 3 212-10700200 
DO7 Diode, Rectifier/Scr Assembly 853-00700010 
DO8 Diode, Rectifier assembly 853-00200140 
DO9 Diode, Rectifier Assembly 853-00200140 
D10 Rectifier Assembly 853-00200140 
Dil Schottky Diode S3SC3M 212-31100030 
D12 Rectifier RG3B l 226-10700010 
D13 Diode, Silicon, 1N5282 3 212-10700200 
Fl Fuse 2./75A 125V l 084~-00200040 
ICl Integrated Circuit, Regulator, TL431CP l 211-10800070 
Jl Jumper Wire 4 358-80810011 
J2 Jumper Wire 4 358-80810011 
J3 Jumper Wire 4 358-80810011 
J4 Jumper Wire 40 358-80800001 
Ll Choke 2 852-20100350 
L2 Choke 2 852-20100350 
L3 Base Choke 1 328-00100030 
L4 Choke 1.5mH ] 328-00100010 
L5 Choke Coil Assembly 1 852-20100010 
L6 Choke Coil l 852-10100370 
L7 Choke Coil l 328-00100060 
L8 Choke Coil l 328-00100060 
Ql Transistor SD46/7 l 209-11700463 
Q2 Transistor 2SC1358 1 209-10200010 
Q3 Transistor SB56l 2 210-11700353 
Q4 Transistor SB56l 2 210-11700353 
RO! Thermistor, 4R @25 C +-10% 6R @ 25 C +-20% 1 258-40970015 
RO2 Resistor, 150K +-5% 1/2W 2 240-15406033 
RO3 Resistor, 150K +-5% 1/2W 240-15406033 
RO4 Resistor, +-5% 47R 2W, Metal Oxide l 248-47006063 
RO5 Resistor, +-5% 1/4W 1.2K l 240-12206022 
RO6 Resistor, 5.6R +-5% 1/4W l 240-56906022 
RO7 Resistor, +-5% 56R 1/4W, Carbon film 240-56006022 
RO8 Resistor, +5% 120R 2W 1 248-12106063 
ROO Resistor, +-5% 1/4W 15R 2 240-15006022 
R10 Resistor, +-5% 1/4W 1OR, Carbon Film l 240-10006022 
R12 Resistor, 0.4/7R, Metal Film ] 247-04786054 
R13 Resistor, -5% 1/4W 39R, Carbon Film l 240-39006022 
R14 Resistor, +-5% 270R 1/4W 2 240-27 106033 
RL5 Resistor, +-5% 270R 1/4W, Carbon Film 240-27106033 
R16 Resistor, 8.2 +-5% 1/4W, Carbon Film l 240-82906022 
R17 Resistor, +-5% 680R 1/4W l 240-68106022 
R18 Resistor, +-5% 1.8K, Carbon Film ] 240-18206022 

Resistor, +-5%4 2.2K, Carbon Film 1 240-22206022 

Resistor, +-5% 2.7K 1/4W, Carbon Film l 240-27206022 
R19 Resistor, +-5% 560R 1/4W, Carbon Film l 240-56106022 
R20 Resistor, 22R 1/4W +-5%, Carbon film l 240-22006022 
R21 Resistor, LOOR +-5% 1/4W, Carbon Film l 240-10106022 
R22 Resistor, 56R +-5% 1/4W, Carbon Film 3 240-56006022 
R23 Resistor, 56R +-5% 1/4W, Carbon film 240-56006022 
R243 Resistor, 12K +-5% 1/4W, Carbon Film l 240-12306022 
R25 Resistor, +-5% 1/4W 470R, Carbon Film 240-47106022 
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APPLE III POWER SUPPLY 


DESCRIPTION 
Resistor, +-2% 2.7K 1/4W, Metal Film 
Resistor, +-2% 2.7K 1/4W, Metal Film 
Resistor, LOOK +-5% 1/4W, Carbon Film 
Resistor, LOOK +-2% 1/4W, Carbon Film 
Resistor, -5% 56R 1W, Matal Oxide Filmm 
Resistor, +-5%4 220R 1W, Metal Oxide Film 
Resistor, IR !w, Metal film 
Common Mode Choke Assembly 
Power Transformer assembly 
Control Transformer Assembly 
Varistor 260VAC 
Zener Diode 9.6 to 10.V @ 1mA 


el ae oe ee ee 


PART NUMBER 


247-2701502 

247-27015022 
240-10406022 
240-10406022 
248-56006052 
248-22106052 
247-10086054 
852=-20200010 
852-10200760 
852-10200680 
256-26100014 
222-98085002 
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APPLE I] EMULATION RESTRICTIONS 


0 NO LANGUAGE CARD 
0 NO ROM CARD 
0 PADDLES ARE DIFFERENT 


0 ENTER WITH SOFTWARE BUT ONLY 
RESET WILL EXIT 


Pin 


12 


13 


14 


15 


Name 


NTSC 


THE COLOR VIDEO CONNECTOR 


Description 
Shield Ground. 


One of four GRB outputs. This (and pins 5, 9, 

and 10) is a TTL output with instantaneous color 
information. A linear weighted sum of these four 
signals will form a true 16-color RGB video signal 


Composite synchronization signal with negative- 
going tips. 


Not usede 
see pin Ze 
Power and signal ground. 


-5 volt power supply. A device may draw up to 
200 ma through this pin. 


+12 volt power supply. 
500 ma through this pin. 


A device may draw up to 


See pin 2. 
See pin 2. 


Black and white composite video. This is an NTSC 
composite video signal with negative-going synch 
tips, 1 volt peak-to peak into a 75 ohm load. 
Color information is encoded as a linear grey scale. 


Color composite video. This is an NTSC-compatible 
video signal with negative-going sych tips, 1 volt 
peak-to-peak into a 75 ohm load. 


Power and signal ground. 


-12 volt power supply. 
200 ma through this pin. 


A device may draw up to 


+5 volt supply. 
through this pin. 


A device may draw up to ] amp 


This connector supplies 7 different video signals and 4 power supply 


voltages. 


Through this connector you can hook up the Apple to any 
NTSC color or black and white video monitor. 
circuit you can hook up the Apple to a studio-quality RGB color monitor. 


With an additional. 


All power supply current ratings assume that no peripheral cards are 


installed in the system. 


If there are cards in the system, be sure 


to account for the current drawn by those cards. 
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THE HIGH-RESOLUTION GRAPHICS (HI-RES) MODE 


The Apple ]{ emulation mode high resolution graphics are 
identical to the Apple ][{ except some combinations of colors on the 
right edge of the screen will cause the left edge pixels to blink. 
This is normal though distracting. 


THE SPEAKER 


The speaker function is identical to the Apple ][{ with the 
following additional features. 


A reference to location 49216 (or the equivalent addresses 
~16336 or hexadecimal §C040) will cause a 0.1 second 1 KHz tone to be 
produced which is similar to the sound the AUTOSTART monitor makes 
when the BELL character is sent to the screen. The advantage to this 
is 0.1 seconds of cpu time is returned to the user since only l 
microsecond is required to start the BELL sound. 


The AUDIO connector at the back of the Apple /// provides the 
same signal as the speaker. When you insert a miniature phone-tip 
plug into this jack, the Apple’s internal speaker is silenced; if 
there is an amplifier or other device properly connected to the 
plug, then that device will receive all audio signals generated by 


the Apple. The signal is a 0.5 volt peak-to-peak audio signal on its 
tip and signal ground on its ring. 


THE CASSETTE INTERFACE 


The cassette interface is completely eliminated on the Apple 
///. References to the cassette output port at 49184 (or the 
equivalent -16352 of hexadecimal $CO20) will cause pin 39 of the 1/0 
slots to go low for a microsecond. This is for use by Apple /// 
native mode peripherals to deselect to §C800 ROM address space. 


Reading the cassette input port at 49248 or the equivalents 
~16288 or hexadecimal $C060 will read joystick switch 0 {nto bit 7. 
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Table 10: Input / Output Special Locations 


Function 


Speaker 

Beep 
Deselect $C8 
for Apple // 


periperals 
(pin 39 in s 


Joystick switch 0 


Joystick swi 


Joystick switch 2 


Joystick swi 


A/D Select Q 
A/D select 0 


A/D Select 1] 
A/D Select 1 


00 
if 


lots) 
tch l 


tch 3 


A/D Select 2 


- A/D Select 2 
A/D Ramp cha 


A/D Start timeout 


A/D Timeout 


Clock millisecond 


counter (SNO 


A/D 2 


—mmm OOOO 


rge 


) 


Address3 
Decimal Hex 
49200 -16336 $C030 
49216 ~+16320 $c040 
49184 -16352 $§Cc020 
49248 -16288 $C060 
49249 -16287 $C06l 
49250 -16286 $§C062 
49251 -16285 $§C063 
49240 -16296 $C058 
49241 ~16295 $§C059 
49246 -16290 SCOSE 
49247 ~-16289 S$COSF 
49242 ~-16294 $COSA 
49243 -16293 S$COSB 
49244 -16292 $§coSsCc 
49245 -16291 $CO5D 
49254 ~16282 $C066 
49264 -16272 $Cc070 


Table 9: A/D Selection 


A/D 1 


= —_— OOne- - OO 


A/D 0 


— Orfe- Of Of O 


10. 


Input 


Ground 


Read/Write 


R/W 
R/W 


R/W 


R(bit 7) 
R(bit 7) 
R(bit 7) 
R(bit 7) 


R/W 
R/W 


R/W 
R/W 


R/W 
R/W 
R/W 
R/W 


R(bit 7) 


R(bits 7-4) 


Joystick, Port B, 


Joystick, Port B, 


Joystick, Port A, 


Joystick, 


Port A, 


Clock Battery 
No connection 


Reference Voltage 


X axis 
Y axis 
X axis 
Y axis 
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ANALOG INPUTS 


The system has two joystick ports with provisions for two A/D 
inputs each. Joystick Port A reads A/D inputs 0 and 2 while Port B 


reads inputs 1 and 3 as defined in BASIC and the monitor subroutine 
PREAD. 


To read the A/D inputs, the software must select the desired 
input and charge the ramp capacitor for at least 500 microseconds. 
Then the ramp is started and the time measured until the A/D timeout 
goes low. The discharge time is proportional to the input voltage. 


STROBE OUTPUT 


The strobe output ($C040) has been replaced by a 0.1 second 1 
KHz tone from the speaker. 


AUTOSTART ROM / MONITOR ROM 


The Apple J[ emulation only comes with a modified version of the 
Autostart ROM. This is in write protected RAM which is loaded when 
the Apple ][{ emulation disk is booted. 
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THE SYSTEM MONITOR 


—=eeD Oe ee eee 


Since there is no cassette port on the Apple /// the W (for WRITE) 
command has no effect. The code in the Emulation mode Autostart 
Monitor contains an RTS instruction followed by NOP instructions, 
followed by BRK instructions. This fills the space occupied by the WRITE 
subroutine (locations $FECD-SFEF4). 


READING A RANGE FROM TAPE 


See eee ee 


Again, since there is no cassette port the R (READ) command has 
no effect. The READ subroutine contains an RTS followed by NOP 
instructions, followed by BRK instructions (locations $FEFD-$FF2C). 


SOME USEFUL MONITOR SUBROUTINES 


SFBIE PREAD READ A JOYSTICK AXIS 


PREAD will return a number which represents the position of a 
joystick axis. You should pass the number of the joystick axis (0 to 
3) in the X register. If this number is greater than 3, port A, Y 


axis is read. PREAD returns a number from $00 to SFF in the Y 
register. The accumulator is scrambled. 


Joystick Reference # 


Port A, X axis 0 
Port B, X axis 1 
Port A, Y axis 2 
Port B, Y axis 3 
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Address: 
Decimal 


1008 
1009 


1010 
1011 


1012 


1013 
1014 
1015 


1016 
1017 
1018 


Page Three Monitor Locations 
Uses 

Holds the address of the subroutine which handles 
machine language "BRK" requests (normally $FA59)- 
Soft Entry Vector. These two locations contain the 
address of the reentry point for whatever language 
is in use. Normally contains $E003. 
Power-up byte. Normally contains $45. 
Holds a "JuMP” instruction to the subroutine which 
handles Applesoft J{ "&" commands. Normally $4C $58 
SFF. 


Holds a "JuMP" instruction to the subroutine which 
handles "USER™ (CONTROL Y) commands. 
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Built-In I/0 Locatons 


en ee) Gn + $596 $7 

$CO0O0 Keyboard Port A Input 

$cC0O08 Keyboard Port B Input 

$CO10 Clear Keyboard Strobe 

$CO20 Deselect all expansion I/O space (pin 39) for Apple /// cards 

$CO30 Speaker Toggle (lus) pulse 

$CO40 Speaker Beep (1 KHz for 0.1 second) 

scosO | gr | tx | nomix | mix | pri | sec | lores | hires | 
l re | l | i 

$co58 | A/D O {| A/D O { A/D 2 {| A/D 2 | A/D CHG] A/D ST] A/D 1 | A/D.1L J 
l I l l I [ a | l 

$co60 | SWO | SW1l {| SW2 | SW3 | IRQ 2 | IRQ 1 | A/D TM] MUXL | 

$CO70 Clock millisecond output ($NO) 

$CO090-$CO9F Slot 1 Device Select (pin 41) goes low during C1M 

$COA0-$ COAF Slot 2 Device Select (pin 41) goes low during C1M 


$COBO~-S$ COBF Slot 3 Device Select (pin 41). goes low during C1M 


$COCO-$ COCF Slot 4 Device Select (pin 41) goes low during C1M 
SCOEO Disk Stepper Motor Phase A 
SCOEL Disk Stepper Motor Phase A 
SCOE2 Disk Stepper Motor Phase B 
SCOE3 Disk Stepper Motor Phase B 
SCOE&4 Disk Stepper Motor Phase C 
SCOE5 Disk Stepper Motor Phase C 
SCOE6 Disk Stepper Motor Phase D 
SCOE7 Disk Stepper Motor Phase D 
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$COE8 Disk motor off 
SCOE9 Disk motor on 
SCOEA Select Drive 1 (Built-in) 


SCOEB Select Drive 2 (First external) 


SCOEC Q6L 
SCOED Q6H 
SCORE Q7L 
SCOEF Q/7H 


SCOFO ACIA Receive/Transmit Data register 

SCOF1 ACIA Status register 

SCOF2 ACIA Command register 

SCOF3  ACIA Control register 

$CLOO-S$C1FF Slot 1 I/O Select (Pin 1) goes low during CIM low 
$§C200-$C2FF Slot 2 I/O Select (Pin 1) goes low during C1M low 
$C300-SC3FF Slot 3 I/O Select (Pin 1) goes low during C1M low 


$C400-$C4FF Slot 4 I/O Select (Pin 1) goes low during C1M low 
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PERIPHERAL BOARD I/O 


The Apple /// implements only slots 1 through 4. Slot 6 is ---~ 
always a disk interface card and slots 5 and 7 emulate either a 
SERIAL or COMMUNICATIONS card. Slot 0 scratchpad RAM exists but no 
provision is made to put a LANGUAGE card or FIRMWARE card into the 
System. Thus the RAM is limited to 48K with a 12K ROM chosen at Boot 
time. 


PERIPHERAL CARD I/O SPACE 


Slot 6 device L/O space $COEO~-SCOEF contains the hardware for 


the disk interface. Slot 7 device I/0 space $COFO-SCOF3 contains the 
addresses for the onboard ACIA. 


PERIPHERAL CARD ROM SPACE 


Slot 5 and slot 7 contain code which is functionally equivalent 
to the COMMUNICATIONS or SERIAL card for the Apple ][. They differ in 


that they use the built-in ACIA. For a more complete explanation 
see "SERIAL AND COMMUNICATONS CARD EMULATION ". 


Slot 6 contains a copy of the Apple J[ 16 sector Boot PROM. 
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~ ROM MEMORY 


The Applesoft, Integer Basic, and Autostart Monitor "ROMS" are 
actually write protected RAMs in the Apple ///. When the Emulation 
mode disk is booted it loads RAM memory with an image of each set of 
ROMs. Whichever language is selected when the Apple J[ disk is 
booted is loaded into the address space ($DOOQO0-$FFFF) and write 
protected. 


RAM MEMORY 


In Emulation mode there is always 48K of RAM. [It is addressed 
$0000 to $BFFF. There is no provision for a slot 0 Language or 
Firmware card. 


"USER 1" JUMPER 

There is no "User 1" jumper in the Apple ///. 
THE GAME I/O CONNECTOR 

There is no 16 pin Game I/O connector in the Apple ///. However 
there are two 9 pin "D" = joystick connectors. 


THE JOYSTICK PORTS 


The Apple /// has to joystick ports (A and B). The A port will 
NOT operate a silentype printer in Emulation mode. The physical 
pinout iss: 


) 
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Pin 


SW3 


PORT A PINOUT 


Description 


Shield ground. 
+5 volt power supply. 


Power and Signal Ground. 


Horizontal analog input, PDL (0) in BASIC. 


Joystick switch 1, orange button. 
+12 volt power supply. 


Power and signal Ground. 


Vertical analog input, PDL (2) in BASIC. 


Joystick switch 3. 


PORT B PINOUT 


Nnae 


SWO 


Description 


Shield Ground. 
+5 volt power supply. 


Power and Signal ground. 


Horizontal analog input, PDL (1) in BASIC. 


Joystick switch 2, orange button. 
+12 volt power supply. 


Power and signal ground. 


Vertical analog input, PDL (3) in BASIC. 


Joystick switch zero. 
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THE KEYBOARD 


The keyboard is different in design but the locations of the 
Keyboard Data Input and the Clear Keyboard Strobe are the same. For 
more information see "THE KEYBOARD" in chapter l. 


CASSETTE INTERFACE JACKS 


There are no cassette interface jacks in the Apple ///. 


POWER CONNECTOR 


The power connector is different but is not user accessible. 
SPEAKER 


The speaker is identical to the Apple ][. 


PERIPHERAL CONNECTORS 


The Apple J]({ emulation redefines a few of the pins on the 
connector and adds several new oneSe 


The most significant difference is that interrupts will not be 
sent to the 6502 from the slots. In fact the IRQ (pin 30) is an 
input to the cpu so the card can’t even determine if an interrupt is 
occuring. Thus Emulation mode runs without interrupts, period. 


The RES (pin 31) is an output to the card and goes low when the 


RESET key is pressed on the keyboard. However the microprocessor is 
actually performing an NMI not a RESET. 
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DEV SEL 


D7 
D6 
D5 
D4 
D3 
D2 
DI 
DO 


+12V 


Peripheral Connector Pinout 


49 


30 


+5V 
NOT USED 

NOT USED 

TSADE (Open collector) 
RDY (Open collector): 
1/0 STROBE 

PHO 

R/W 

Al5 


Al4 


Al 
AO 


I/O SELECT 
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Pins 


2-17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


Name: 


I/O SELECT 


AO-ALS 


R/W 


' RDY 


TSADB 


+5V 


DMAOK 


Peripheral Connector Signal Description 


Description: 


This line, normally high, will become low when the 
microprocessor references page $Cn, where n is the 
individual slot number. This signal become active 
during PHO (nominally 500ns) and will drive 12 LSTTL 
loads. 


The buffered address bus. The address on these lines 
becomes valid within 300ns after the beginning of 


CIM and remains vaild through PHO. These lines will 
each drive 8 LSTTL loads. 


Buffered Read/Write signal. This becomes valid 
at the same time the address bus does, and goes 
high during a read cycle and low during a write. 
This line can drive up to 10 LSTTL loads. 


A 1 MHz signal which is identical to ClIM. This 
line will drive 5 LSTTL inputs. 


This line will go low during CIM when the address 
bus contains an address between $CO00 and SCFFF. 
This line will drive 12 LSTTL loads. 


The 6502’s RDY input. This line should change 
only during CIM, and when low will halt the 
microprocessor on the next read cycle. This line 
has a 1K ohm pullup to +5V¥. This line should be 
driven from an open collector output. 


A low on this line from the peripheral will cause 

the address bus to tri-state for Direct Memory Access 
(DMA) applications. This has a] XK ohm resistor 
pullup to +5V. This should be driven from an 


open collector output. 

Not used in an Apple ///. 

Not used in an Apple ///. 

Positive 5-volt supply, 2.0 amps total for all 
peripheral boards together (but note a limit of 


1.5 Watts per board). 


System circuit ground. Q volt line from power 
supply. Do not use for shield ground. 


Acknowledge signal to the peripheral following 
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28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


DMAL 


IONMI 


DEVICE SELECT 


its request for the special Direct Memory Access 


(DMA) mode. Informs the peripheral that the DMA 
can now proceed. 


Direct Memory Access (DMA) interrupt. Requests the A 
Apple /// DMA mode. Has a1 K ohm pullup to +5. 
This should be driven from an open collector output. 


Input/Output Non-Maskable Interrupt. This is 
equivalent to the IORES (pin 31) line as it will 
execute the same code in the Autostart ROM. This 
line should be driven by an open collector output. 


This line is ignored in Apple ][{ emulation mode. 
It should be driven by a TTL output. 


Input/Output Reset signal used to reset the peripheral 
devices. Pulled low by a power on or RESET key. This 
line will drive 12 LSTTL loads. 


Inhibit line. When a device pulls this line low, all 
system memory is disabled. This line has al K ohm 
pullup resistor to +5V and should be driven form an 
open collector output. ) 


Negative 12 volt supply, 200mA total for all peripheral 
boards together. 


Negative 5 volt supply, 200mA total for all periperal 
boards together. 


The 6502 opcode synchronization signal. Can be 
used for external bus control signals. Will 


drive 10 LSTTL loads. 


seven MHz high frequency clock. 
LSTTL loads. 


Will drive 10 
A 2MHz (nonsymetrical) general purpose timing signal. 
Will drive 10 LSTTL inputs. 


Complement of C1M clock. 
loads. 


This will drive 12 LSTTL 


Provides the $C800 space disable function directly 
without address decoding (SCFFF is used for Apple ]J[ 
peripherals. It is addressed from §CO2x. This line 
will drive 12 LSTTL loads. 


Phase CIM clock. This is the same as the 
microprocessor’s 1 MHz clock. This will drive 12 
LSTTL loads. 


This line becomes acive (low) on each peripheral 
10.16 


connector when the address bus is holding address 
between $COn0 and S$COnF where n is the slot number 
plus $8. This line will drive 12 LSTTL loads. 


42-49  D/-D0O The 8-bit system data bus. During a write cycle, 
data is set up by the 6502 less than 300ns after 


the beginning of CIM. During a read cycle the 
6502 expects data to be ready no less than 100ns 


before the end of CIM. These lines will drive 8 
LSTTL inputs e 


50 +12V Positive 12 volt supply, 300mA total for all peripheral 
boards together. 
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-——-------- ROM LISTINGS 


APPLE ][{ EMULATION MODE AUTOSTART ROM LISTING 


The following is a listing of addresses which changed content in 
the Autostart ROM to eliminate cassette I/0, read joysticks, and redirect 
the NMI vector to the RESET code. 


THE ACIA IS CAPABLE OF GENERATING INTERRUPTS IN EMULATION MODE. 
IF IT DOES THE INTERRUPT RECEIVER SETS THE PROCESSOR INTERRUPT 
INHIBIT BIT TO PREVENT THE SERVICING OF THIS INTERRUPT 


FA49: 4C 10 FF JMP IHBIRQS ;JMP TO CODE TO INHIBIT INTERRUPTS 
FF10: 68 PLA ;GET PROCESSOR STATUS BYTE 

FF11: 09 04 ORA #$04 ;oET INTERRUPT INHIBIT BIT 

FF13: 48 PHA ;PUT STATUS BYTE BACK ON STACK 
FF14: A5 45 LDA $45 ;RESTORE ACCUMULATOR 

FF16: 40 RTI° ;RETURN WITH INTERRUPTS INHIBITTED 


THE RESET KEY IN EMULATION MODE GENERATES AN NMI (NONMASKABLE 
INTERRUPT)» THEREFORE THE NMI VECTOR IS SET TO POINT AT THE 
RESET CODE WHICH ALSO MAKES SURE THE DISK MOTOR STOPS 


FFFA: 62 FA DFB RESET  ;POINT NMI VECTOR TO RESET CODE 
FA62: D8 RESET CLD ;BINARY ARITHMATIC PLEASE 
FA63: AD EE © LDA SCOEE ;SET DISK READ 

FA66: AD EC OO LDA SCOEC 

FA69: AD E8 CO LDA SCOE8 ;TURN OFF DISK 

FA6C: 20 84 FE ISR SETNORM 

FA6F: 20 2F FB JSR INIT 

FA72: 20 93 FE JSR SETVID 

FA75: 20 89 FE ISR SETKBD 

FA78: EA NOP 

FA/9: EA NOP 

FA7A EA NOP 

; THE CASSETTE READ ROUTINE SIMPLY RETURNS TO USER CALLS 
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;NO CASSETTE PORT ~- RETURN TO USER 


FEFD: 60 READ RTS 

FEFE-FFOA: EA NOP ;FILL CODE WITH NOPS 

FFOB: 22 

FFOC-FFOF: 00 BRK *STOP USER FROM JUMPING INTO MIDDLE OF CODE 
FFL7-FF2C: 00 BRK 

$ THE CASSETTE WRITE ROUTINE SIMPLY RETURNS TO USER CALLS 

FECD: 60 RTS ;NO CASSETTE PORT - RETURN TO USER 
FECE-FEF2: EA NOP ;FILL CODE WITH NOPS 

FEF3-FEF5: 00 BRK *STOP USER JUMPING INTO CODE 


READ JOYSTICK AXIS. THIS IS THE SAME ENTRY ADDRESS OF PREAD 
WHICH READS THE GAME PADDLES IN THE APPLE ]J[ 


X REGISTER CONTAINS JOYSTICK AXIS AND Y RETURNS SO0-SFF OF JOYSTICK 


woe we wo ws WO3 wo we Wo wo WH WO 


X REGISTER JOYSTICK AXIS 

0 PORT A, X AXIS 

l PORT B, X AXIS 

2 PORT A, Y AXIS 

3 PORT B, Y AXIS 
FBIE: 8A PREAD TXA sSAVE X REGISTER 
FBIF: 48 ~- PHA 
FB20: 49 Ol EOR #S01 sREMAP JOYSTICK ADDRESS 
FB22: AA TAX 
FB23: AD 59 CO LDA $C0O59 3;SET ANALOG MUX TO PORT B, X AXIS 
FB26: AD SE © LDA $CO5SE 
FB29: AD 5A @ LDA $COSA 
FB2C: 4C C9 FC JMP JOY2 
FCC9: £8 JOY2 INX 
FCCA: CA DEX 3;SET FLAGS 
FCCB: FO 12. BEQ JOY3 sPORT B, X AXIS? 
FCCD: AD 5F CO LDA S$COSF :NO 
FCDO: CA DEX 
FCDL: FO OC BEQ JOY3 ;PORT A, X AXIS? 
FCD3: AD 58 CO LDA $C058 ;NO 
FCD6: CA DEX 
FCD/7: FO 06 BEQ JOY3 ;PORT B, Y AXIS? 
FCD9: AD 5E @& LDA $CO5SE 3;NO 
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FCDC: AD 5B © LDA $CO5B sMUST BE PORT A, Y AXIS 
FCDF: AD 5C CO JoY3 LDA $COSC ;CHARGE CAPACITOR 
FCE2: AQ OF LDA #S0F sWAIT 800US 
__FCE4:. 20 AB FC JSR WAIT 
FCE7: AO 80 LDY #$80 
FCE9: AD 5D CO LDA $COS5D sSTART TIMEOUT 
FCEC: A2 48 LDX #548 sWAIT 370US 
FCEE: CA JOY4 DEX 
FCEF: 10 FD BPL JOY4 
FCF1:° E8 JOYS INX 
FCF2: B9 E6 BF LDA $BFE6,Y ;FALSE READ 
FCF5: 2A ROL 
FCF6: AD 66 COQ LDA $C066 3; BIT 7 IS VOLTAGE CROSSOVER 
FCF9: 30 F6 BMI JOYS sHAS VOLTAGE CROSSED OVER? 
FCFB: 8A TXA > YES 
FCFC: 10 04 BPL JOY6 sWAS COUNT POSITIVE? 
FCFE: A9 FF LDA #SFF >NO 
FDOO: DO Ol BNE JOY7 SUSE $FF 
FDO2: 2A JOY6 ROL sDOUBLE COUNT . 
FD03: A8 TAY sRETURN COUNT IN Y 
FD04: 68 PLA >RESTORE X 
FDOS: AA TAX 
FDO6: 60 RTS 


FDO7-FDOB: 00 BRK ;FILL SPACE 
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THE DISK /// SUBSYSTEM 


I THEORY OF OPERATION 


The Disk /// subsystem, is a self contained Apple /// peripheral which allows 
user programs and data to be stored and retrieved on 5 1/4" floppy diskettes. 
The Apple /// supplies DC power, control signals, and a parallel data path to 
the Disk /// via the A///s main logic board Disk Conditioner (Controller) 
Circuit. The Disk Conditioner sends DC power, control signals, and serial 
data to the Analog Card via a 26-conductor ribbon cable. 


The Analog Card contains disk read-write electronics, drivers for positioning 
Stepper Motor, and a transistor power switch. Analog Card also contains 
circuitry which causes its output signals to the disk conditioner circuit to 
be active only when the card is enabled. This allows up to 4 Analog Cards 

to share the same data path for a 4 drive system (one internal, three external 
drives). 


Within the drive itself, movement of Stepper Motor rotates Actuator Cam. Head 
and Carriage Assembly's Cam Follower, rides in Actuator Cam's spiral groove. 
Two Guide Rods allow motion of Head and Carriage Assembly either towards, or 
away from Drive Door. This positions Read/Write Head to appropriate track, so 
that serial data may then be transferred to and from disk using high-level 
commands. 


A ~- DISK CONDITIONER CIRCUIT 


There are seven sections in the Disk Conditioner circuit: 
(Refer to Schematic of Disk Conditioner Logic) 


1. Power-On Reset 


This circuit consists of one half of 556 Timer and one open-collector 
inverter. When power is applied, the outputs of the 9334/LS259 Address 
Latch (DPhO-3) are brought low which places the Disk Conditioning logic 
in the read mode, the Q output of the 556 timer (pin 5) goes high for 
about 65 ms, bringing inverter's output to ground. This resets the 
State Machine (Prom P6A), and the Drive Enable Multiplexers. The drive 
enable multiplexer's Z output is prevented from enabling the internal 
and external drives. 


2. The BOOT ROM 


The Boot ROM, though not a part of the disk conditioning circuit, 
contains the routine which down loads the operating system (SOS) 

from disk and then jumps into it. The LS323, an 8 Bit Parallel/Serial 
Register, is enabled (DEVSEL6*) whenever the address COExxn is presented. 
the data, from the boot rom, is converted to serial at the output of 

pin 1 in the 74LS323 in a write operation. 


3. Addressable Latch (9334 or 74LS259). 
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4. 


Se 


This chip provides an eight software-controlled output. When DEVSEL6* 
(pin 9 of LS138 I/O Address Decoder) signal goes low (one of 16 addresses 
starting at [COExxnt, value of Address Line AO becomes the new value of 

D output pointed to by Address Lines A1-A3. Latch output D6 and D/ set 
Operating mode of controller (read, write, etc). Q5 selects the internal 
drive. D4 controls MOTOR ON signal and DO to D3, set position of the 
Stepper Motor. Drive enable signals ENBLII and ENBLIE are true when 
MOTOR ON signal is true and appropriate drive is selected. 


State Machine (PROM P6A and 74LS174) 


These two parts contain nucleus of Disk Conditioning Logic. A State 
Machine is a device capable of storing a value in a register. That 
value, in conjunction with external input, determines what the next 
register value should be and what output should be generated. Value 
in register is, machines's Current State and next value is machine's 
Next State. State machine updates at each clocking, going from state 
to state and producing output base on state its in and value of its 
input just before clocking. 


Current State, is value at Q2, Q5, Ql, and QO from 74LS174. Next state 
is value of D4-D7 from P6A PROM. Input to State Machine includes D6 
and D7 from 9334, QA* output from 74LS174 Shift Register and A2-1l. 
Output from State Machine is PROM signals DO-D3, which effect Shift 
Register. QO from 74LS174, which is high-order bit of Current State, 
forms WR DATA output. Since State Machine is clocked by two Megahertz 
Q3* signal, the state lasts for 500 ns. 


Flux transitions on diskette are detected by Analog Card and are sent 

to Disk Conditioning Circuitry as RD DATA. These one microsecond 
positive going pulses appear at D4 input to 74LS174. NAND Gate and 
Inverter, which connect to 74LS174's Q3 and Q4 output, cause A4 input to 
P6A PROM to go low for one state following the falling edge of RD DATA. 
This information is ignored when writing out to disk. When reading 

from disk, however, this input forms the basis for determining whether 

a logic one or zero has been read. A logic one is indicated by a four 
microsecond period. A logic zero, by an eight microsecond period between 
flux transitions. 


Shift Register 


74LS323 Universal 8 Bit Parallel/Serial Shift Register, transfers data 
to and from the Apple ///. When writing to disk, Shift Register under 
control of State Machine, parallel loads a data byte from the A/// and 
shifts it left. This causes QA* output to effect State Machine's Al 
input. State Machine goes through a different state sequence for a 
logic one and a logic zero, which causes WR DATA to change value every 
four and eight microseconds, respectively. 


When reading from disk, State Machine shifts appropriate logic levels 
into Shift Register's SL input. Resulting byte can be read by the A///. 


Status of Write Protect switch in Disk Drive, comes into SR input of 
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Shift Register from Analog Card. Under control of State Machine, 
Shift Register is placed into a shift right mode, allowing status of 
switch to be read by software. 


MOTOR ON Circuit. 


Q output from one half of 556 timer, forms MOTOR ON signal. MOTOR ON 
becomes true when B2-6 is brought to ground under software control. An 
enable is sent to one of the drives, and Drive Motor in selected drive 
turns on. When software causes B2-6 to become high-impedance in order 

to turn off drive, C7 and R31 give drive a 2/3 second grace period before 
MOTOR ON times out. This prevents drive from being turned on and off 
when repeated accesses are made. 


AII EMULATION MODE 


With the ALTISW* true and DEVSEL5* (addressed by CODxxn) selected, the 
internal and external drives are fooled into operating as an Apple II 
Disk Drive. 


B - ANALOG CARD (Refer to Analog Card Schematic Diagram) 


l. 


Enable Circuit 


A Disk Drive connected to the Apple /// is always in one of three 
Operating modes: 


a - Read Mode 


Flux transitions on diskette are detected by MC3470P Floppy Disk 
Read Amplifier on Analog Card and are sent to the Disk Conditioner 
as one microsecond positive-going pulses across RD DATA* line. 


b. Write Mode 


Here WR DATA input to Analog Card determines polarity of write 
current passing through head. 


ce. Deselected Mode 


In this state, drive is not currently performing any data transfers 
with the Apple ///. 


A drived becomes enabled, when ENBLII input to the Analog Card on 
the selected drive goes low. This causes Ql to turn on because 
current flows through R3 into pin 16 of ULN2003's Darlington 
output. +12 volts is then supplied to Stepper Motor. Q1l also 
provides a power source for Write and Erase Current circuits. In 
addition, ENBLII signal also enable RD DATA* and W PROT tristate 
buffers and supplies a MTR ON control signal to Motor Control 
Board through resistor R9. 
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d. Read Electronics 


MC3470P Floppy Disk Read Amplifier and associated discrete components 
provide a one-chip interface between magnetic head of Disk Drive 

and RD DATA* input to Disk Conditioning circuit of the main logic 
board. MC34/70P contains both analog and digital circuits which 

cause a TTL compatible pulse to be generated for each positive and 
negative peak of input signal. 


Input voltage from head appears across pins 1 and 2 of MC3470P. 
This signal passes through an amplifier and is differentially 
applied to a noise filter made up of R21 and R22, C10 and Cll and 
L3 and L4. Filter's output feeds back into MC34/0P, where a 
differentiator circuit provides an output proportional to rate of 
change, with time, of input signal. In addition, a 90 degree phase 
lead is introduced which causes a zero crossing at differentiator's 
output to correspond with a peak at its input. L5, C13 and R23 
determine characteristics of differentiator. R27 allows for 
correction of current imbalances within differentiator so that a 
sinusoidal input waveform produces evenly spaced RD DATA* pulses. 


Zero crossings at output of differentiator cause output of a 
comparator within MC34/70P, in conjunction with digital circuits, 
create a Time Domain Filter which checks against false zero 
crossing readings due to distored input waveforms or noise. When 
a zero crossing is detected, mono #1, formed by R20, R32, and C7, 
is triggered. At end of its two microsecond period, output of 
comparitor is again checked. If it has not changed (valid zero - 
crossing), mono #2 gets a trigger pulse that uses R19 and C8 to 
generate one microsecond RD DATA* pulse at pin 10 of MC34709P. 


3. Write Electronics 


During Read Mode (WR REQ* high), ULN2003 Darlington output at C4-10, 
is close to ground potential. This prevents erase current switch 
Q2 from turning on and disables write current return path. During 
Write Mode, the anode of CR3 is pulled up to +5.7 V. Q2 receives 
base current through A3-8, and provides current to erase coil of 
head. Rll serves as return for erase current, which is roughly 

44 milliamps. Erase coil in head straddles both sides of read- 
write head, preventing write current from spreading into adjacent 
tracks on diskette. 


When writing out to diskette, flux transistions are placed on surface 
of diskette by changing polarity of current flow in head's read- 
write coil. Write current enters read-write coil through its center 
tap, which is connected to return side of erase coil. Two of 
CA3146's transistors connected to R29 and R30 form a current mirror 
which drives pin three of CA3146. 


This establishes write current return path. When writing out to 
disk, WR DATA causes a differential voltage to be applied to pins 
2 and 4 of CA3146, which causes a differential current flow in 
write coil. Each polarity reversal places a flux reversal on 
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diskette. (Current in R/W coil -6.8 ma P-P) 


Write Protect Circuit 


Ananlog Card only allows erase and write current to be generated 
when diskette has its write protect notch uncovered. If notch is 
absent (write protected), the Write Protech switch is held open 
even though diskette is fully inserted into drive. This causes 
pullup resistor R12 to disable G1-8, which causes WR REQ* signal 

to be pulled up to a false level by R15. This prevents write 
current mirror from supplying write current to head. Write Protect 
status is ent to Disk Conditioning circuitry on Main Logic board 

as W PROT. 


If Write Protect notch has been uncovered, it cause Write Protect 
switch within drive to close. Phase 1 signal from the Disk Condi- 
tioning circuitry provides return path for current passing through 
switch. If Phase 1 signal is high, it indicates that Stepper Motor 
is in one of its two transient states between tracks. Write Protect 
circuits behave as they do when the diskette is write protected. 
This provides partial coverage against writing when Stepper Motor 

is off track. 


Stepper Motor Drivers 


A ULN2003 Darlington Buffer-Inverter, provides a current return 
path for each of four Steper Motor windings, Phase A through 

Phase D. Ql provides windings with source current when dirve is 
enabled. Since input to each ULN2003 stage is provided by the 
Disk Conditioning circuit's 9334 Addressalbe Latch output, Stepper 
Motor is then under software control. 


Stepping in from Track 0 towards Track 34 (towards hub), requires 
Stepper Windings to be energized in Phase A, B, C, D order. Each 
phase rotates Cam Follower enough to provide one-half track movement 
of Head and Carriage assembly. Phase Ad and C are energized when 
head is on track, and Phase B and D are between track positions. 
Once head is positioned to desired track, power is removed from 
Stepper Motor to reduce power consumption. 


Stepping out requires Stepper Motor windings to be enegized in 


Phase D, C, B, A order. When booting, windings are pulsed enough 
times to guarantee that head is positioned over Track 0. 
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Purpose: 


A. 


B. 


Title: Apple /// Final Test 


This test is for the assembled Apple /// and for testing Apple 
///{ modules. 


Equipment: 
1. B/W Monitor with cable 
2. Color Monitor, Sup’r’mod II, and adaptor (make your own adaptor) 
3. (3 cables) External Disk. Paddle Port, External Speaker Cables 
4. External Speaker Test Box 
5. RS-232 Test Adaptor 
6. Printer test card 
7. (4 each) Interrupt test cards 
8. Apple /// Test Diskette (889-0009 rev R) 
Equipment Setup for Part 1 of test: (Note: Unless noted otherwise, 


ALWAYS make sure that the power is OFF, before connecting or 
disconnecting ANYTHING from the Apple ///.) 


1. Connect all of the power cords to a suitable AC outlet. 
Note: Make sure that all power switches are in the OFF 
position before plugging in any equipment. 


2. Connect the B/W monitor cable to the RCA video output jack. 
3. Connect the Color Monitor/Sup’r’mod II to the DB-1L5 jack. 


4. Connect the joystick as follows: 
ae Connect the paddle port cable connector to the external disk 
drive socket. 
b. Connect the 2 DB-9 plug to the 2 DB-9 sockets. (The one 
with the shortest cable connects to the socket nearest 
the external drive connector, Port A. The other connects 
to Port B. 


5. Plug one Interrupt test card into each of the four slots on 
the Apple /// logic board. 


6. Plug the RS-232 Test Adaptor into the DB-25 connector on the 
logic board. (P/N 890-0130) 


7. Insert the Apple /// Test Diskette into the drive and close the 
drive door. 


Test Procedure: (for part 1 of the test.) 

Follow the test procedure described in this section. The test should 
run as described. If there is a failure, some of the tests will 
automatically proceed to the next test, while others will require 

the operator to press certain keys, to tell the system what has failed. 
Proceed through all of the tests. If the system will not proceed 
through all of the tests, indicate on the RRT which test failed. 

Reject and repair any unit which does not perform as described in this 
procedure. 
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*TEST DISKETTES HAVE BEEN KNOWN TO CRASH - KEEP AN EXTRA COPY ON HAND 


l. 


Power On. Turn the power supply switch on. The unit will perform 
a self test first. If the self test passes, the disk will boot. If 
there is a failure in the self test, or the disk drive does not 
boot, record the failure on the RRT and send the logic board 

for rework. (ALWAYS TURN THE POWER OFF BEFORE DISCONNECTING 
ANYTHING FROM THE LOGIC BOARD.) When the disk drive boots, you 
will hear an audio signal of three beeps, followed by two beeps. 

You will then see a menu. Press the 1 key on the keyboard to run 
Automatic Test l. 


Interrupt test. The interrupt test will run automatically. 
If you see any of the following error messages, attempt to 
repair the A3 system and re-run the test. Write the failure 
down on the RRT. 


ERROR MESSAGE. .« « «© «© © «© © © © « e « SUGGESTED ACTION TO TAKE 
unable to set or clear D.xxx . ... + 6522 at H-10 (U 73) * 
unable to set or clear E.xxx . .« « « « 6522 at G-10 (U 97) * 
(anything) from SLOT X.... . . echeck slot for bad connector 


* locations will be as follows for the "NEW" logic board: 


DeXXX 0 © © © © © © © © © © 0 ew tl lel ltl tlt lh wl lw 00522 at BG 
EeXXX © © © © © © © © © © 8 lw lw lw ltl tlw ltl wl hw 00522 at BH4 


Video Test. The video tests will be loaded and run next. At 

the beginning of each test the screen will briefly display the 
name of the test being performed next and which keys to press, 
depending on the results. For reference, the following table 

lists the keys used for all of the video tests: 


Space bar « « « « « © © «© «© « © © © « Test passes 

Return key .« « « « © «© © « © «© © © 6 Test fails 

Escape key « « « «© « « e e e « « « » Abort video test (QUIT) 
Left arrow key .... © « « « « e « Retry the test 


Except for the text mode test, each of the tests will display 
the same pattern. A picture of Winston Churchill will appear 
in the upper right corner. The lower half of the screen will 
display the following message: 


If you can read this, and 
the test patterns above 

are clear, press space bar. 
Otherwise, press return. 


ae HIRES MODE PAGE 1 —- B & W pattern 

b. HIRES MODE PAGE 2 -— B & W pattern (same as above) 

ce. 280 x 192 COLOR HIRES MODE PAGE 1 - Will appear as a 
negative image. The color monitor will show red and black. 
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280 x 192 COLOR HIRES MODE PAGE 2 - Will appear as a green 
and white (or possibly green and yellow) pattern. 

SUPER HIRES MODE PAGE 1 - B & W pattern (same as above) 
SUPER HIRES MODE PAGE 2 —- B & W pattern (same as above) 
AHIRES TEST PAGE 1 -— On this and the following test the 
screen will be divided into 4 horizontal sections, each one 
being a different color. The top half of Winston Churchill 
and the diagonal pattern should be VIOLET. The bottom half 
of Winston Churchill and the diagonal pattern should be 
BLUE. The first two lines of the message should be GREEN, 
and the last two lines of the message should be GOLD or 
ORANGE. 

AHIRES TEST PAGE 2 - This test should display the same four 
color bars as the above test. 

COLOR BAR 7 GRAY SCALE TEST - will show vertical bars of 
different colors on the color monitor and bars of varying 
brightness on the B & W Monitor. The border is blue and the 
colors are ; (from left to right) white, aqua, yellow, green, 
pink, grey, orange, brown, light blue, medium blue, grey, 
dark green, light purple, dark blue, magenta, and black. 
These colors correspond to white darkening to black on the 
Black & White monitor. (IMPORTANT. Make sure that there 
are sixteen (16) different shades on the Black & White 
monitor.) 

Apple II TEXT MODE PAGE 1 - The screen will display the 
following: 


THE QUICK BROWN FOX JUMPS OVER LAZY DOGS 


abcdef ghi jk lmnopqurstuvwxyz 0123456789 
(inverse) 


(flashing) 


APPLE II TEXT MODE PAGE 2 — The screen will show the 
following: 


22222222222222222222 
22222222222222222222 
22222222222222222222 
222 
222 
222 
22222222222222222222 
22222222222222222222 
22222222222222222222 
222 
222 
222 
22222222222222222222 
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22222222222222222222 


1. APPLE /// 40 COLUMN TEXT MODE TEST - The screen will be filled 
with blocks of colors with the name of each color in each 
block. 


m. APPLE /// 80 COLUMN TEXT MODE TEST - The screen will contain 
characters that are smaller than before. There will be 80 
characters to a line. The characters may not appear clear 
on the color monitor, and this is OK. It is mainly 
important that they are clear on the B & W monitor. The first 
line of the display should read: 


THIS LINE OF TEXT IS EXACTLY 80 CHARACTERS 
LONG AND USES THE ENTIRE SCREEN WIDTH 


Keyboard Test. This test will load and display a pattern 
on the screen. 


ae Main Keyboard. Press the Left shift key and while 
holding it down press the 2 key. Press the Right shift key 
and while holding it down press the = key. 
Press the ctrl key and while holding it down press the A key. 
Press all of the remaining keys on the MAIN key board. 
Each time a key is pressed its character should disappear 
from the screen. Press the space bar last. 
be Numeric Keypad. A new pattern should appear on the screen 
which corresponds to the numeric keypad. This test should 
perform the same as the main keyboard test. 
ce Special Function Keys. 
1. Press the Alpha-Lock key ONCE. It should lock into 
its new position. 
2. Press the space bar and hold it down. 
3. While still holding the space bar, press and 
hold both apple keys at the same time. 
4. Release all of the keys at the same time. 
5. Press the solid apple key and hold it down. 
6. While still holding down the solid apple key, 
press the space bar and hold it down. 
7. Release all of the keys at the same time. 
d. Keyboard Interrupt test. Press any key on the keyboard 
except the alpha-lock, shift, control, or either of the 
apple keys to perform this test. 


Clock/Calendar Test: This test is available for testing the 
clock/calendar when it becomes incorporated into the system. 


serial Port Test: This test will also load and run automatically. 


If it fails, replace the ACIA chip (6551) and run the test again. 
If it still fails, write ACIA on the RRT and repair the main 
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7. 


8. 


logic board. 


Joystick Port test: This test will run automatically. If any 
failures should occur, write the failure message on the RRT. 


Test Results: The screen should show the following results: 


TEST RESULTS 


A. INTERRUPT 

B. VIDEO 

C. KEYBOARD 

D. CALENDAR/CLOCK 
E. ACIA PORT 

F. PADDLE PORTS 


G. RAM 

H. PRINTER PORT 
I. DISK 

J. SOUND 

K. ROM 


1. AUTOMATIC TEST 1 
2. AUTOMATIC TEST 2 
ESC ABORT TESTING 


(PASSED) 
(PASSED) 
(PASSED) 
(NOT TESTED) 
(PASSED) 
(PASSED) 
(NOT TESTED) 
(NOT TESTED) 
(NOT TESTED) 
(NOT TESTED) 
(NOT TESTED) 


Tests A through F should always show passed, (except for test D) 
and tests G through K and test D should always show not tested. 

If any of tests A through F show failed, mark the RRT with the 

test that failed. If all of tests A through F show passed, proceed 


with part 2 of the Final test. 
Equipment Setup for part 2 of test: 


1. TURN THE POWER OFF! 


2. Remove the following items from the logic board: 


ae The joystick cables 


b. The four interrupt test cards. 


ce The RS-232 test adaptor. 
d. The DB-15 video connector 


3. Plug the Printer Test Card into slot 1, and connect the printer 
cable to the DB-9 connector nearest the disk drive sockets 
and the other cable to the external disk drive socket. 
Connect the external speaker plug to the 2—pin connector on 


printer test card. 


Test Procedure: (for part 2 of the test.) 
Please follow the test procedure described in this section. The 


test should run as described. Reject 
does not perform as described in this 
the tests if possible. If the system 
indicate on the RRT which test failed 
retest. 

1. POWER ON. Turn the power on 
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any assembly or unit which 
procedure. Complete all of 
will not perform any test, 
and diagnose, repair, and 


and the unit should perform 
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a self-test and boot just as it did earlier. If there 

is a failure in the self-test or the drive does not boot, 
record the failure on the RRT and repair. ALWAYS TURN THE 
POWER OFF BEFORE DISCONNECTING ANYTHING FROM THE LOGIC 
BOARD. After the disk boots, a menu will appear on the 
screen. Press the 2 key to run automatic test 2. 

2. Ram Address Test. This test will load and run automatically. 
The test results will depend on the amount of ram in the 
memory board. If the memory board is a 256K board the 
results should say "RAM MAP GOOD FOR A 256K SYSTEM". 

If the correct message appears, press the space bar, 
otherwise press the return key. Faulty RAM chips are 
reported in a message that identifies the board location 
of the chip in error. 


Note: If a fault is discovered while testing the 

RAM on the 12 volt board, disregard the chip referred 

to in the error message and run the Final Test Revision 
14, Revision 14 will correctly identify the chip in 
error. Revision R reports bad chip locations as defined 
on the 5 volt board and these messages are innaccurate 
for the older board. 


If the space bar is pressed the system will perform a test 
on all of the ram in the system and report any failures. 
For this reason it is very important for you to have made 
the correct decision for the ram map address test above. 
If the system is a 256K system and the ram map says good 
for a 128K system and you press the space bar, only half 
of the ram will be tested and you may incorrectly PASS 

a system which FAILED. 


3. Printer Port Test. This test will run automatically. 
4. Disk Controller Test. This test will run automatically. 
5. Sound Test. 

ae CQ30 SOUND TEST - The speaker will beep on and off. 

be C0Q40 SOUND TEST - The speaker will beep on and off 
as before but at a different pitch. Press the 
space bar if you hear the sound, and return if 
you do not. 

ce Connect the external speaker cable from the printer 
port test card to the external speaker jack on 
the back of the Apple /// and press the return key. 

d. FFEO SOUND TEST - The sound from the speaker 
should start quietly and grow gradually louder. 

It should then repeat. Press the space bar if it 
performs as described here, and press the return 
key if it does anything else. The sound should 
be coming from the EXTERNAL speaker. 

e. Disconnect the external speaker cable from the 
logic board and press return. (NOTE: These are 
the ONLY times that you can connect or disconnect 
anything from the Apple /// with the power still 
on, and the ONLY thing that can be connected or 
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6. 
7. 


8. 


f. 


disconnected is the external speaker cable.) 
The same sound as the previous test should be 
heard. The sound should come from the INTERNAL 
speaker again. 


Rom Test. This test will load and run automatically. 
Test Results: The screen should show the following 


results: 
TEST RESULTS 

A. INTERRUPT (NOT TESTED) 
B. VIDEO (NOT TESTED) 
C. KEYBOARD (NOT TESTED) 
D. CALENDAR/CLOCK (NOT TESTED) 
E. ACIA PORT (NOT TESTED) 
F. PADDLE PORTS (NOT TESTED) 
G. RAM (PASSED) 

H. PRINTER PORT (PASSED) 

I. DISK (PASSED) 

J. SOUND (PASSED) 

K. ROM (PASSED) 

1. AUTOMATIC TEST 1 


2. 


AUTOMATIC TEST 2 


ESC ABORT TESTING 


Tests A through F should always show not tested, and 
tests G through K should always show passed. If any 
of the tests G through K show failed, record which 
test failed on the RRT and repair the module under 
test. 


Additional keyboard tests: 


Ge 


b. 


Press any key and hold it down. The key should 
automatically repeat. 

While still holding the same key down, press the 
Apple key nearest the space bar and the repeating 
key should repeat at a faster rate. (Approximately 
twice the speed) 

Press the right arrow key and the cursor dot 
should move to the right. Press the key harder 
and it should move twice as fast. 

Repeat the same test with the left arrow and 

down arrow keys. They should behave in the same 
manner described for the right arrow key except 
that they will of course move left and down, 
respectively. 

Press and hold the ctrl key with some finger on 
your left hand and then press and hold the 

Apple Key next to the alpha lock with your left 
thumb. Use your other hand to press the Reset 
key. The system should respond with a right 
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pointing arrow and a blinking line cursor. 

f. If any of these keyboard tests do not perform 
exactly as described here, record the failure 
on the reject tag, and send the unit for rework. 


If the logic board passes all of the tests as described 
above, turn the power off and complete the RRT. If 

any of the tests failed, record the appropriate 
information on the RRT and repair. Retest after 
repair. 


If you have a system or module that passes all these 
tests but suspect it to have a failure run other 
software on the unit/modules. Examples: Business 
Basic, AII Emulation, A /// Dealer Diagnostic. 
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Pimiectileluelhse 
Wei ston 


DESCRIPTION 


16 SECTOR DISK III FINAL TEST (1000T) 


1000T is a general purpose internal disk exercizer. It performs 1000 reads 

of ramdomly selected tracks on the disk. It is to be used as a diagnostic tool 
and not as a qualification/acceptance test. The rest of this document provides 
a short description of how to interpret the displayed results. 


When you first boot this diskette you will observe: 
"kk 16 SECTOR DISK IIL FINAL TEST ***" 


This will indicate that the test booted up correctly with no problems. You will 
then observe the following: 


TRACK ERRORS 
3 (0) O x 19 (0) 0) 
4 (0) O * 20 + (0) 0 
5 (0) QO * 21 (0) 0 
6 (0) O * 22 (0) 0 
7 (0) O * 23. = (0) 0) 
8 (0) O * 24 (0) 0 
9 (0) 0 x 25 (0) 0 
10 (0) O x 26 ~=6(0) 0 
11 (0) O * 27. ~(0) 0) 
12 (0) O * 28 =©(0) 0 
13 (0) 0 * 29 ~=«(0) 0 
14 (0) 0 % 30 (0) 0 
15 (0) O * 31 (0) 0 
16 (0) O * 32 (0) ) 
17 (0) O * 33. (0) 0) 
18 (0) O * 34 §=(0) 0 

TOTAL SEEK: DATA 
TIME ADDR AVER 
WHAT DOES IT ALL MEAN? 


The first column, numbered 3 to 18, and the column with numbers going from 19 
to 34 represent track numbers. The column in brackets represents the number 
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e 
of seek occurances that occur for each track. The column that has zeros is the 
number of errors that were encountered for each track. You will observe that 
each time a track is read, it is shown in inverse, the number of occurances is 
incremented. If any seek, address, or data errors are found the number of 
errors are displayed. 


A summary of the disk test is displayed at the very bottom of the monitor 
screen. The following are definitions as to what the messages mean. 


o TOTAL: -- the total number of errors for all tracks 

Oo TIME: -= the number of track seeks performed for all tracks 

Oo SEEK: -— the total number of track seek errors observed for all tracks 
o ADDR: -<-- the total number of address errors observed for all tracks 

Oo DATA: <== the total number of data errors observed for all tracks 


o AVGE: -- the number of track seeks divided by the total number of errors 
observed for all tracks 


NOTE: PLEASE MAKE BACKUP DISKETTES OF THIS lLOOOT DISKETTE 


WHAT CAN THIS TOOL TELL ME? 

This tool is useful for getting a good idea as to the performance of the A/// 
internal disk drive. Based on the results, lLOOOT can give you an indication of 
electrical and mechanical problems. Examples: Errors within a small range 

of tracks could indicate cam or rail problems. Multiple data errors could 
indicate head wear. Address/seek errors could indicate a poor motor control 
board. These examples are not absolute nor do they exhaust all possibilities. 
This tool is also very useful for debugging intermittant disk problems. 


WARNING: Do not rely solely on this diskette as a pass/fail indicator. If you 
find very many errors, run other Disk tests such as the DSPEED and Disk 
Alignment Aide. 


Catastrophic errors are easéfy to find - your monitor screen will display 
"FAILS TEST". Other than catastrophic errors your monitor screen will display 
"PASSED TEST" at the end of 1000 passes(seeks). 


HAPPY HUNTING!!! 
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APPLE /// TROUBLESHOOTING 


The following flowchart is a guide for troubleshooting the Apple ///. You 
will carry out various troubleshooting steps based on symptoms that may occur 
when first booting up or that may be found by running the Dealer Service 
Diagnostics. Start with the instruction in Box 1 of the flowchart. Then 
follow the operation of the Apple /// through the flowchart until you reach 
one of the lettered boxes (A through Q). Each lettered box has a list of 
numbers in it; each number corresponds with one of the troubleshooting steps 
listed on the following page. The order of the troublshooting steps in each 
box is based on two rules: 


1) Check out the more likely causes of the problem before the 
less likely causes. 


2) Make the checks that can be done quickly and easily before 
those that take more time and energy. 


Rule 1 is broken only when rule 2 applies. 


Once you have produced the problem symptom on the Apple ///, 
the first thing you should do before trying any of the numbered 
steps below is: 


a) Power OFF. 


b) Check to make sure all connecting cables are 
properly hooked up. 


c) Check all boards to make sure all IC chips are 
properly seated. 


ad) Power ON again to see if the problem still exists. 


ALWAYS POWER OFF BEFORE PERFORMING ANY OF THE STEPS BELOW. 


CARRY OUT THE DESIGNATED STEP. 
THEN POWER ON AGAIN TO SEE IF THE PROBLEM HAS BEEN ELIMINATED. 


Each swap step listed below involves exchanging 

a known good part from your spares kit with the 
questionable part from the Apple ///. When swapping, 
first just connect the cable(s) to the new module so 
you can see if the swap fixes things or not. Don't 
fully install the new module and screw everything 
down———if the new module doesn't solve the problem 
you'll just have to take it out again. 
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HERE ARE THE STEPS REFERRED TO IN THE BOXES ON THE DIAGNOSTIC FLOWCHART: 


1) Swap the appropriate connecting cable. 
V = Video cable (if available) 


PS = Power Supply cable 
DD = Disk Drive cable 
KB = Keyboard cable 


(The keyboard and disk drive 
cables are identical to each 
other. Your Spares Kit may 
Only list the DD cable, but 
you can use it whenever you 
need to swap the KB cable.) 


2) Swap the power supply. 


a) Check the power supply fuse first; 
swap it if it's burned out. 


3) Swap the drive. 
If the drive proves to be the problem, take the problem 
drive and further isoloate the defective module down to the 
analog card or mechanical assenbly: 
a) Swap the analog card. 
b) Swap the mechanical assembly. 
4) Swap the main logic board. 
5) Swap the keyboard. 


6) Swap the RAM memory board. (You may have to reload the new 
board with the RAM from the original board.) 


7) Try booting again. 

8) Try booting a different SOS boot diskette. 

9) Swap the video monitor (if you have a spare available). 
18) Swap the speaker (if you have a spare available). 


11) Swap (or add) the designated RAM IC chips. (Consult the chip 
map in the Running Diagnostics Job Aid.) 
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FAILURE 
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RAM 
TROUBLESHOOTING 


PROCEDURE 


AUG 1982 


5V VOLT MEMORY BOARD RAM TROUBLESHOOTING PROCEDURE 


To start with, be sure that your problem is caused by the 5V 
Memory Card. Some problems on the motherboard of the Apple 
/// will cause the symptoms similar to those caused by a bad 
5V Memory Card. To check, replace the Memory Card with a 
known good one and check to see if the symptoms have 
disappeared. 


1) If the problem has been isolated to the Memory Card, 
reconnect the bad 5V Memory Card in the Apple /// 
system under test and try to boot the Apple /// 
Confidence Diskette Version 1.l. 


2) If it boots, select the memory test. 


3) Relate your system’s symptoms to the symptoms on the 


Apple /// 5V Memory Card Troubleshooting Chart. 


4) The corrective actions are listed in the order of most 
probable cause; therefore perform the corrective action 
in the order presented. 


5) If all of the possiblities have been exhausted and the 
problem still exists, replace the bad 5V Memory Card 
with a good one and send the bad one back to a Level II 
repair centere 


Note: This interim RAM troubleshooting procedure is to be 
used with the Confidence Diskette Version 1.1. The 
memory test, in the current Confidence Diskette, does 
not test each and every memory location in RAM. This 
procedure will be superceded by the next version of the 
A/// Dealer Diagnostic. 
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Apple /// 5V Memory Card Troubleshooting Chart 


Black Screen on Monitor; 
drive does not boot. 


Replace RAM chips B10 - 
Bl7 one at a time; 
Replace the non-RAM chips 
at locations D2 and E2. 


Monitor Screen contains 
garbage; Drive may try to 
boot. 


Replace RAM chips B2 — B9 
one at a time; Replace 
the non-RAM chips at 
locations D2 and E2. 


+2 _ $2 2 _ 8 5 FP SS 


Confidence Program loads 
into memory, displays 
menu, but will not run. 


Replace the non-RAM chips 
at locations D2 and E2; 
Replace RAM chips B2 - 
Bl7 one at a time. 


2 — FS eS SS 


Memory test runs; displays 
RAM error message at the 
bottom of the screen. 


Decode the message using 
the procedure on Page 4. 
Replace the failed RAM. 


Memory test runs; sections 
of the memory map are 
nissing. 


Determine which section 
on the Memory Card 
contains the failed RAM 
using the procedure on 
page 8. Replace the 

RAM chips in that section 
one at a time; Replace 
non-RAM chips at 
locations D2 and E2. 
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TRANSLATING ERROR MESSAGES INTO PHYSICAL RAM LOCATIONS 


When you get an error message from the RAM test, you must 
translate it to determine which chip caused the failure. 
This procedure will show you how to do that. For example, 
Suppose we get the error message: 


BNK 83, ADR 20XX, EXP DF, GOT 5F 


That means in Bank 83, Address Range 20XX, we expected DF 
but got 5F. 


Now, how do you translate that into what to do? 


1) 


2) 


3) 


To find out which row the failed RAM chip is in, 
disregard the 8, and look at the second number, in this 
case 3. If the second number is 0, 1, or 2, the bank 
is in row B. If the second number is 3, 4, 5, or 6, 
the bank is in row C. (See Figure 1). In our example, 
the bank was BNK 83, so we know it is in row C. 


Now the meaning of the address. There are three 
address ranges, low, middle, and high. Low and high 
are in columns 2-9, and middle is in columns 10-17. 
Look at Figure 1 for the specific address ranges. In 


our example, the address was 20XX (which is in the low 
address range), so we see that the trouble is in 
columns 2-9. 


The problem is now narrowed down to a block of eight 
chips, the ones located in row C, columns 2 - 9 
(positions C2 - C9). To find which of the eight it is, 
we have to decode the EXP and GOT parts of the message. 
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4) 


5) 


6) 


Translate the two hexadecimal digits from the EXP into 
binary. 


HEX BINARY HEX BINARY HEX BINARY HEX BINARY 


0 = 0000 4 = 0100 8 = 1000 C= 1100 
1 = 0001 5 = 0101 9 = 1001 D= 1101 
2 = 0010 6 = 0110 A= 1010 E= 1110 
3 = 0011 7 = 0111 B 1011 F 1111 


EXAMPLE (DF): D=1101, F=1111, DF=11011111 


Translate the two hexadecimal digits from the GOT onto 
binary. 


EXAMPLE (5F): 5=0101, F=1111, 5F=01011111 


Determine the binary digit (bit) that is different 
between the EXP and the GOT. The leftmost bit is D/ 
and the rightmost bit is DO. In our example the D7 bit 
is different. This indicates that the chip marked D/ 
in Figure 2 in the position C9 (remember, we already 
got it down to C2 — C9) is defective. 


D 76543210 
EXAMPLE: EXP DF=11011111 
GOT SF=01011111 


X----- — (D/ is different) 


13 ,22 


' 
3 


BANKS 0, 1, 2 


[lll 


iy 
6 


>@200e6 Oc8- 


18 17161514131211109 8 76543 2 1 


ae HH 
< aa) 


= BANKS 3, 4, 5, 6 


HEHE: m7 EE i Ties 


O 


N 


C LL 


FIGURE 3 


13.23 


LOW ADDRESS 
(20XX — 3FXX) 


MIDDLE ADDRESS 


(40XX - 7FXX) 


and 
HIGH ADDRESS 
(80XX - 9FXX) 


RANGE 


RANGES 


TRANSLATING MISSING SEGMENTS OF THE MEMORY MAP DISPLAY INTO 
PHYSICAL RAM LOCATIONS 


Sometimes the Memory Test does not give an error message, 
but instead erases a portion of the memory map display, and 
continues to test the RAM. Figure 4 below is an example of 
a memory map display with a missing segment. 


1) First, notice the bank(s) that are missing in Figure 4 


2) 


3) 


4) 


256 
Extension 


g 
1 
2 
3 
4 
5 
6 
( 


(listed down the left side). Correlate the bank(s) to 
the physical row of memory. In our example, banks 
3,4,5 and 6 are missing. This means that the failed 
RAM is somewhere in row C. 


Determine the address range(s) that are missing (listed 
across the top.) Translate the address range(s) to the 
physical section. In our example, address ranges 50XX - 
SFXX and /OXX - 7FXX are missing. This falls within 
the address range 40XX - 7FXX and tells us that the 
failed RAM is one of the eight which is physically 
located between C10 — C17 on the memory board. 


Change the chips in that section, one at a time, 
retrying the RAM test each time. If the problem still 
remains, replace the old RAM back in the board and try 
another of the eight. 


If you change all eight chips without fixing the 
problem, try the two non-RAM chips at location D2 and 
E2 on the 5V Memory Board. 


ADDRESS RANGES 
(20XX - QFXX) 
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Error Message: BNK 84, ADR 37XX, EXP 40, GOT 48. 


1. The physical row is determined by the bank number which 
is the bank is the last digit of the number in the BNK 


section. (Bank 4 in our example puts the problem in 
row C.) 


2- Which half of the row is determined by the address 
rangee Our example puts the problem in the right half 
of the Memory board (Columns 2-9). 


3. The location of the failed RAM chip within the half row 
is determined by decoding the EXP and GOT messages. 


HEX BINARY HEX BINARY HEX BINARY HEX BINARY 


0 = 0000 4 = 0100 8 = 1000 C= 1100 
1 = Q001 5 = 0101 9 = 1001 D= 1101 
2 = 0010 6 = 0110 A = 1010 E= 1110 
3 = 0011 7 = Ol1l B= 1011 F= 1111 
EXP (40): 4=0100, 0=0000, 40=01000000 
GOT (48): 4=0100, 8=1000, 48=01001000 
76543210 
40: 01000000 
48: 01001000 
w-7-X--- (D3 its different, so the RAM chip at 


C5 is bad in our example.) 
18 17161514131211109 8 765 43 2 1 
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MIDDLE ADDRESS LOW ADDRESS 
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Physical RAM Locations 


1. Determine which row the failed RAM is located from the 
Memory Map display. 


2- Determine the half row the failed RAM is located from 
the Memory Map display. 


3. Replace the eight RAM chips in that half row, one at a 
time. 


4. Replace the non-RAM chips D2 and E2. 
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USING THE APPLE /// FLOWCHART 


How to use this flow chart: 
1) Start with the box at the top of the EXEC page. 


2) Perform the action(s) indicated in each block. It’s a good idea to take 
notes on what tests you’ve done and what the results were. 


3) The diamond-shaped blocks are decision points. Many of them contain a 
test to be made, and a description of a possible result. After doing the 
test, take the YES exit path if the result you got from the test matches 
the one given; otherwise take the NO exit path. 

Some decision blocks direct your path based on the results of a previous 
test (usually just before the decision point). Take the YES or NO exit path 
based on the results of the indicated test. 


4) If the system successfully does everything that it should do in the EXEC 
flowchart, you will be directed to go to the flowchart section appropriate 
to the problem that you have (**** list here ****). If the system fails, a 
corrective action may be indicated, or you may be directed to the NO 
BOOT/NO RESET flowcharts for further tests. 


5) Most terminal blocks (ones with no exit) contain a list of motherboard 
chip locations. Replace the chips at the indicated locations one at a time. 
After each substitution, test the system to see if the original problem has 
been fixed. If it is gone, great. If it is still there, try the next chip. 
If you run out of chips in the list, check the inputs and enables to the 
listed chips. If you find any that are faulty, trace the fault back towards 
the source. 

Some terminal blocks will contain instructions for corrective action. Do 
what it says, then test the system. 

If you haven’t fixed the problem, you have reached a place where the 
flowchart won’t help you (though you should suspect the area of the circuit 
that it has led you to). Good luck. Once you find the problem, see if you 
can fix the flowchart so that it will cover that problem. Notify Service 
Engineering in Cupertino of any errors you find in the flowchart, and of 
any additions or other suggestions you want to make. 


PRE-RELEASE 
TERCION 
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Flowcharting Worksheet 


PROGRAMMER PROGRAM NQ CATE 7 pace__| _or_1 
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you hear the beep and/ 
or see the "REV R BOOTED" 


Yes 
No 
LI 
Yes 
L 11, H9 Pin 5 lo 
; go to flowchart 
No appropriate fo 


the stated 
roblem 


<< 
rile-RELEAGSE 
VERSION 


13.29 


Flowcharting Worksheet 
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D bin 21 high pin 8 Bl2 
? ocking Yes 
es no 


ES, J7 ° B 13 no B 8 
n oscillator pin 2 high 
? 
yes 
no BS 
pin 4- 
ne C10, H10 high ? 
yes 
“ no pin 6 
high 
yes B5 ,B6 ; 


9 
. yes 
v - 
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Flowcharting Worksheet 


DATE_____——s PAGE __L__or__ 


PROGRAMMER PROGRAM NO. 
CHART 10 CHART NAME PROGRAM NAME 


Does the ram map 
flash on the scree 


during boot? 


map flash on 


Yes 
Any 
bad ram Replace 
? a 
chips 


MESSAGE 


Yes 
interna NO 
irive come s 
? 
Yes 
Yes Retry try to turn 
essage the drive on replace 
Does Pin 11 of J10 ic 9 (Cd Db/CPEA) "12 
Transistion gyre \ No COED 


ing boot? 


replace 
ad K12 ,J19 


yes 
Replace 
Lil 
Replace 


Replace 
L13 
K9 


: ecELEASE 
oo WE SLON 


Replace 
K11 


Does K1l pins 6 & 
8 Transition 


During Boot? 


Flowcharting Worksheet 


PROGRAMMER 
CHART 10 


CHART NAME 


Do the Data Lines 
(pins 1-16) on 
connector J16 
transition? 


Do the timing signalis 
F10,11; Gll, 12 Pin 
11-14 transition? 


Do the address Lines 
on connector J17 

(Pinsh-10,24) trans- 
istion? 


Line E12, 13; 
F12,13 


c12, 13 
D 13 
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PROGRAMMER PROGRAM NO.__.._ssSssSsSA TE 3/10/82 Ss PAGE Lf 6: 
—CHARTID.— CHART NAME VIDEO PROGRAM NAME 


DRIVE COMES 
ON & STOPS 


es 
PRESS 
SPACEBAR 
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Flowcharting Worksheet 


PROGRAMMER PROGRAM NOSSO 3/29 page 2 ph 


CHART IDC CHART NAME PROGRAM NAME ____ 


PRESS 
SPACEBAR 


Yes 


Yes 


PRESS 
SPACEBAR 


SHOULDN'T 
BE 
HERE 
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PROGRAMMER PROGRAM NO. eeessSSSSSSSCATE_3/0 PAGE 32. 
CHART ID_________ CHART NAME VI PROGRAM NAME 


PIC 19-12 
Should Pass 


Pie 10,11,12 


Spacebar 


Flashing 
? 


es ° Yes 


Shouldn't 


Pic 14-16 


Should Pass HT 


No Problem 
with Video 
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PROGRAMMER PROGRAM NO. DATE___3/10__ page __4__oF_6 
CHART 1D CHARTNAME____ Video PROGRAM NAME 


Pr igh 


Pile ELEASE 
VERSION 


B/W 
Video No. Oe No ring 
Ok ; ans 4 MM 
¥ 
Yes 


No Problem 
Motherboard 


No G19 
Video 


G9 
Pini 
Yes 


Flowcharting Worksheet 


PROGRAMMER. CSCS GRAM NO. SSCA PAGE DF 
CHART ID... CHARTNAME_.s—SCVW/OFO i“ C“‘(O™SONOCOCOC*#(#(C#C(C(#C#RPROGRAM NAME 


PRES RIEREAISE 
VERSION 


13 ead 


PROGRAMMER PROGRAM NO CATE S/O. PAG EOC 


CHART 10__ CHART NAME PROGRAM NAME 


GS 
Ne 
Pin 11 No 
High 
Yes Yes 
f : = 


Yes 


a 
FRIES REBATE 
— VERSION 


Shouldn't be 
Here 


Shouldn't 
be 


Here 
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OATE__3/11/82__ PAGE 1____ OF 2 


PROGRAM NO. 
PROGRAM NAME 


PROGRAMMER 
CHART ID CHART NAME Keyboard 


Keyboard 
Problems 


Test 

Main 

Keyboard No Character 
Removed : 


False} H14,H8 


No 
H10,H11 
Yes No Yes True 
H12,J12, 
H14 
Keybounce Yes 
ror 
No 
Test a 0 fa ; 
saree 
za Pinigeuisie 


J VERSION 
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PROGRAMMER PROGRAM NO. DATE 3/1/82 PAGE 2 OF 2 


CHART !0 CHART NAME__ KEYBOARD __ PROGRAM NAME 
wi 
HOLD DOWN SLOW 
EXIT Nie 
DIAGNOSTICS A LETTER REPEAT hte @ 
OK 
Yes 


Press the 


Exit 
Diagnostics 


solid-apple 
key too 


Type C#P8then hold Fast No H9 ,H11, 
down wach of the modifier repeat CR3 ,CR5 
ye keys as you press (RETURN) OK 
() Yes 
Mod. Key C6g8 Content 
RUg,C18,C17 | Error in R. C. 
C75,CR5,CRQ2 J... .. 2... Timing Circuit 


C16 


! 
k ? 


Replace 
No 
Jl2 


Key C$98 Content 
Open apple : ED 
Solid Apple: DD 
None : FD 


Run System 
check-out 


Replace 
H12 


No Problem 
in keyboard 
Logic 
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PROGRAMMER 


CHART 10 


Flowcharting Worksheet 


PROGRAM NO CATE PAGE Lp) 
CHART NAME___PS-2320 PROGRAM NAME 


RS-232 
Port 
Problem 


Run ACIA 
test ina -- -—= 
loop ? 


See ‘Looping 
Diagnostics' 


B2 
Pin 6 No 
locki 
? 
Yes 
No 
Yes 
Yes 


Be 
Pins 9,12,1¢ 


J2 
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Flowcharting Worksheet 
PROGRAMMER PROGRAM NO. 
CHART IO CHART NAME 


DATE. PAGE_ 2 or_2_ 


PROGRAM NAME 


PERIPHERAL 


Yes 


J6 
Pins V1’ 


MHZ and 2 MHZ 


*Kh and J6 Pins 11-14 are very 
hard to see. If they trigger the 
scope, they're probably okay. 


PRE-RELEASE 


VERSION 


J 


PROGRAMMER PROGRAM NO,__.__—ssssSsSsS ATE PAGE © 2 


CHART ID___________ CHART NAMEPERIPHERAL SLOT PROBLEM = PROGRAM NAME 


Yes 
Kh No ° J6 
KT No Yes Ju D9 


"KL and J6 pins 11-14 are very 
hard to see. If they trigger the scope, 
they're probably okay. 


PRE-RELEASE 
o> WERSIOL 


Flowcharting Worksheet 


PROGRAMMER PROGRAM NO Le eeeesssssSSSOATIE 3/5 PAGE Lr 3 


CHART {0 CHARTNAME___—ss DESK PROGRAM NAME 


DISK 
PROBLEM 


RUN DISK 
FINAL TEST 


Internal . Ding 10-12 L1L3 


Loop on 
external 
disk test 


control 
allupet 


Loop on 


Yes 
R/W test 


R/W 
Failure 
? 


No ile Kill 


Yes 


K12 
J1g 
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Flowcharting Worksheet 


PROGRAMMER PROGRAM NO. ————___-____ DATE _____3/15__ page _2___oF_3__ 


CHART 10. SC CHART NAME_UCCDISK PROGRAM NAME 


No L13 


Yes 


Ll2 

Pins 4, 5 

Pulsing 
9 


No 


aa 
: a 
a 


Yes 


J1ll 
Pins 6,7 
Pulsing 


PRE-RELEASE 
VERSION 
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Flowcharting Worksheet 


PAGE SOF 4 


DATE 


PROGRAM NAME 


PROGRAM NO. 


CHART NAME 


PROGRAMMER 


CHART 10 
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Flowcharting Worksheet 


PROGRAM NO. 


PROGRAMMER ~~ ———_____ DATE ___ Os O~PAGE LL OF_ 1 
CHARI ID... CHART NAME. SOUND pROGRAM NAME___ 
Audio 
Problem 
No H7, Mill 
Yes 
Cp40 No A7 
(beep) 
Goos 
Yes 
Clune Seegp_tes Yes 5/0 Audio 
Goog Problem 


onnector J11 


rlie-ELEASE 
VERSION 
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Flowcharting Worksheet 


PROGRAMMER PROGRAM NO —.sssesFsSssFsSCD AT EW CPAGE LL f_ 


CHART 1D CHART NAME___ JOYSTICK OO PROGRAM NAME 


OYSTICK 
PROBLEM 


See ‘Looping 
Diagnostics’ 


PRE-RELEASE 
Wels SwOn 
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Flowcharting Worksheet 


« |] ROM TEST 
FAILURE 
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PROGRAMMER 
CHART 10 


Flowcharting Worksheet 


PAGE 2 or_2_ 


PROGRAM NO. DATE 


CHART NAME__ sh entype PROGRAM NAME 


RUN PRINTER 
PORT TESTER 
IN A LOOP 


Voltage Yes 


error 
? 


No 


B6 PIN 
PULSING HIGH 


No 


SEE 'LOOPING DIAGNOSTICS‘ 


BROKEN TRACE 
CONNECTOR 


J3 


Ll2 
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FAULT ISOLATION - TIPS AND HINTS 


The following pieces of information are by no means an absolute guarantee 
of success in isolating a failure mode. This is intended only as a GUIDE 
or AID to assist you in finding a logical and likely place to begin your 

troubleshooting of the particular failure mode. 


RAM indicates a memory failure. Use the chart included below to determine which 
chip on the moemory board is failing. Other possibilities are the memory board 
connectors. If is is an addressing problem, check J17, (the connector on the 
right) and if it is a data problem, check J16, (the connector on the left). 


RAM FAILURE CHART 128K SYSTEM DISPLAY 


DIAGNOSTIC RAM 


A 1 showing any place that a dot is shown here indicates a failure. The position 
of the one shows which chip has failed. The chart below shows the chip location 
on the memory board. 


B9 B8 B/7 B6 B5 B4& B3 B2 
B17 B16 B15 B14 B13 B12 Bll B10 
B9 B8 B/ B6 B5 B& B3 B2 
B17 B16 B15 Cl4 B13 B12 Bll B10 
C17 Cl6 C15 C14 C13 C12 Cll C10 
D9 D8 D/ D6 D5 D4 D3 D2 
D17 D16 DI5 D14 D13 D12 Dll DIO 
C9 C8 C7 C6 C5 GH Cc C2 


ROM indicates that the ROM failed. Check the ROM at B9 (341-0031-01). Usually 
the ROM itsely is bad when this message appears. 


VIA indicates that a register in one of the 6522’s has failed. These two parts 
are the 40—pin IC’s at location B6 and B5. 


ACIA indicates that the 6551 located at Bl has failed. A/D ia an indicator of 
a bad read of either the high or lw reference voltage of the 9708 chip located 
at M9. 


ZP indicates a zero page register failure. The zero page register is port B of 
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the 6522 located at B6. Other possible chips for this failure are the $257s 

at locations D7 and D8 or the Lsl32 at D4. This is where the zero page portion 
of the address gets fed to the system memory. Also note the NOT ZPAGE signal 
which should originate at the LS51 at Bll. 


RETRY is a message the system gives when it is unable to "boot" the disk that 
is (or should be) in the internal disk drive. 


OTHER FAILURE MODES: 
These are usually idetified when running the normal system test diskette. 


NO RESET is probably the most difficult porblem to fix and the easiest to 
identify. It’s main symptom is that when power is truned on, absoultely 
NOTHING happens. The disk does not even ATTEMPT to boot and there are no 
beeps. Keep in mind that SIGNATURE ANALYSIS is a very good way to find a 
NO RESET problem. Below are some of the things that you can check fairly 
quickly: 


Is the keyboard light lit and is the LED on the PC boared lit. It not make 
sure all power is available. +5VDC, -5VDC, +12VDC, & -12VDC. 


Make sure that +5VDC and ground is available at each row. (Especially rows 
B, D, F, & G). 


Check the levels at the RESET, NMI, IRQ, and RDY pins of the CPU at B/7. 


Swap the ROM (B9) with a known good ROM. If there is no difference replace 
the original. 


Swap the CPU (B7) with a known good CPU. If there is no difference replace 
the original. 


NOTE: These last two items are the most common reasons for NO RESET. 
Power OFF and check for shorts on the Address or Data Bus. 
Make sure that all clocks are runing. Phase 0, PRELIM, 14M, 3.5M, and 7M. 


Other devices that are frequently causes of NO RESET are listed below: 


LOCATION DEVICE COMMENTS 

Row F & C 7643 high failure items 
Row B 6522 B6 is more likely 

C3 8304 high failure items 
Row E & F 748153 high failure items 

A5 NE556 and supporting circuitry 
D13 748374 high failure items 

D6 74LS244 high failure items 

D3 & D/ 748257 Not very often 

K9 74LS04 not very often 

D9 74LS02 moderate failure item 
Dill 74874 Make sure its not LS 
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74L8133 high failure items 
74LS139 high failure items 
74LS04 high failure item 
74LS32 moderate failure item 


For a RAM addressing problem check the memory board connector on the right 
side, (J17), and for a RAM data problem check the memory board connector on 
the left, (J16). NOTE: A RAM data problem will USUALLY run the F6E6 test. 


Miscellaneous reset problems have been caused by the following: 
diode CR4 .cecceceees reversed, open or missing 

RP19 (S19) -ccccccccvceetde3K Shorted 

Xtalwccccccccccccccee NOt oscillating 

reset keyeccccccccceeebad 


power or ground.......missing due to open pin/trace 


It may also help you to know that there is an 85% chance of the problem being 
found on sheets 2 and 3 of the Apple /// schematic, and a 13% chance of being 
found on sheets 9 and 4. Good luck on the other 22. 


NO BOOT is recognized by the fact that the system actualy ATTEMPTING to boot 
even though it doesn’t succeed. Video may or may not be present. You may see 
the RETRY message, and the disk may run itself off, or it may stay on. Some 
of the more common things to check are: 


The 9334’s at L12 and L113. 


The 74LS04 at K9. 
The mostly likely choices are: 


device location 
74LS8323 K10 

748471 Kl11 (P6A prom) 
74LS174 K12 


Concentrate your troubleshooting efforts on sheet 6 of the Apple /// schematic, 
unless you find a problem with the NOT devsel-6, or the NOT Q3 signals. Any 
other problem external to sheet 6 would most likely also show up in a RAM test, 
or video test. 


VIDEO problems can be very simple at times and downright troublesome at other 
times. Some of the mose common failures are: 


By far, the most likely candidates, are the 74LS374’s, located at E2, E3, F2, 
F3, G2, & Gl0. These IC’s are the cause of >70% of the video problems. 


It is also a good idea to check the two 2114’s located at E4 and ES. 


The next most frequent failure is the 74LS153 at L8. This is U90 as shown 
on sheet 5 of the schematic. 


Video problems are also very likely to be misdiagnosed timing problems. For 
these check the 64S195 at D10 and the 74LS374 at Dll. 


t£ the video horizontal or vertical sync appears to be messed up, check the 
74LS161’s located at F10, Fll, Gll, and G12. 
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If none of the above items point you toward the real problem, begin your 
troubleshooting on sheet 5 of the schematic where 80% of the problems occur, 
and if necessary, go on to sheet 9, where most of the remaining video problems 
will be found. 


Keep in mind that an off-frequently crystal can kill the color or produce 
bad color. 


INTERRUPT problems almost always end up being one of the VIA’s (or 6522’s). 
However, there have been a few other reasons for interrupt failures as de- 
scribed below: 

I/O NMI is a symptom for sheet 8 of the schematic. Check the 74LS132 at 
H10 and the 74LS139 at Jll. 

IRQ signal missing can be caused by the 74LS21 at J4. 

Sometimes the problem is noit actually an interrupt problem but the systems 
inability to communicate with the interrupt test cards. In the case of a 
missing I0 SELECT, check the 74LS138 at J6, and in the case of a missing 
DEVICE SELECT, check the 74LS138 at K4. 

Remember to check the connectors at the slots for continuity to the 74LS138’s 
mentioned above. 

Lastly, here’s what happens during the INTERRUPT test: 


Step 1 Disable all interrupts, mask NMI, enable I.0 space, reset ACIA, re 
set all four slots, and set up the 6522’s as they are normally used. 

Step 2 Check both 6522 int enable register bits 0-6 to see if they can be 
set and cleared. 

Step 3 Vertify that IRQ and IONMI are clear as they should be. 

Step 4 Clear both 6522 interrupt flag registers and vertify that they 
are indeed clear. 

Step 5 Check the 6522 interrupt flags to see if they can be set and cleared 
when enabled and vertify that they cannot be set when disabled. 

Step 6 Repeat once for each slot. 
ae Set slot IRQ by using IO SELECT and vertify by polling slot. 
be. Clear slot IRQ using CO2X and vertify by polling slot. 
ce. Vertify that the 6522 at B6 caught the IRQ and that it was the 

correct one and that it can be cleared. 

d. Set slot IONMI using DEVICE SELECT and vertify by polling IONMI. 
e. Clear slot IONMI using CO2K and vertify by polling IONMI. 

Step 7 Check for shorts between slot IRQ’s by setting IRQ on one slot at a 
time and checking each IRQ on the other slots. 


AUDIO troubles are usualy fairly simple to repair. The most common ailments 
are listed below: 

The most common frequent failure is the LM380 which is located at Mll, and 
rarely you may find a problem in its associated circuitry, notably R36, a 1K 
resistor and Cl2, a l0Ouf cap. 

The second most frequent, usually noted on the C040 portion of the test, is 
the 556 located at A7. 

Another common ailment is Jll, the external speaker jack which is the mini-phone 
jack at N4. Note that a bad contact in this jack can also prevent you from 
hearing any internal sound. 

Failure of the C030 test can be caused by the 74LS74 at H7. 

And last, a failure of the FFEO test can be caused by either the 6522 at 
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B5, or RP9 the SIP located at C5. 


ACIA problems are also usually fairly simple and usually end up being caused 
by only a few items: 

The most common failure is, of course, the 6551 itself. This is located 

at B2. . 

The next items to check, will be the 1488 at J2 and the 1489 at K2. 

The third most common failure is J4, the 25 pin D connector at N2. 

The less likely things to check, are, the SEL6551 from the 74LS138 at K4- 

7, and the RC network (or R-pak) at N3. 


PADDLE PORT problems frequently coincide with printer port problems. This is 
because they both share the DB-9 connector N10, (J3)- Some causes of paddle 
port problems are: 

The 9708 located at M9. This is the most common cause of failures. 

The second most frequent cause of failures is the RC network at N10. 

Other things to check that can sometimes cause problems, are the 9334’s at 
locations H6, L12, and L13. These IC’s supply some fo the enable neccessary 
during the paddle port tet, including the disk pahses, and disk side 2/1 
signals used to test the switches, as well as the ENSIO and ENSEL signals. 
Also check the enables coming from the 74LS138’s at K4 and K/7. 

Finally check the 74Ls251 at L7 and its enables. 


RAM FAILURES can be almost as much fun as no reset can be. Some of the things 
to look for are: 
Of course, the most obvious thing to check is the F6E6 test results and see 
which row, group, chip(s) are causing problems. Also check the two memory 
board connectors J16 and Jl7 at this time. 
You have about 98% chance of the problem being on sheet 2 of the schematic. 
With the highest probability, being the 74LS399 at AQ and the 74S3 748374 at 
D113. 
Next check the 7643’s at locations C10, Cll, C12, and C13, and then check the 
74S$153’s at El2, E13, F12, and F13. . 
It may be a little help to do the following IF and ONLY IF you can get into the 
monitor routines using a CONTROL-APPLE-RESET: 
a. Type the following: 
FFDO: O/FFDF:IF/FFEF:0 (RETURN) 
You have just set the bank register and zero page to O and disabled the 
screen and IO addresses. (Note that FFEF if the bank register and you 
may want to try settings other than 0 if this setup doesn’t find your 
problem. 
be Now type: 
O.FFFF/X (RETURN) 
The address bus should now be one big 16-bit counter and therefore 
easier to trace with an oscilloscope. 


PRINTER PORT failures will show up as paddle port failures most of the time. 

The few exceptions are, that some of the polarities of the enables are reversed, 
causing the signal direction to also be reversed. (For example, a paddle port 
INPUT becomes a printer port OUTPUT). Also, be sure to check the connections 

to slot 1 to insure that the test hardware will function properly. The best 
way to check this, is to check for continuity from slot 1 to slot 4, (except 
for pins 1, 30, and 41). 
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DISK failures will usually prevent the system from booting properly. There 

are, however, a few things which should be mentioned here. 

Jl and J6, the EXTERNAL and INTERNAL drive connectos, respectively, are in 
parallel, with the exception of pins 14, 21, 22, and 26. 

A disk phase of SIDE 2/1 failure will usually also show up as a switch failure 

in the paddle port test. 

The RC filter networks at N13 and M13 are also a good place to check for problems 
(See the section below on useflu addresses in order to toggle a particular 
signal). 


KEYBOARD failures are another of those problems that, while they occur freq- 
uently, are neverthelesss, failry simple fo correct. Some fo the more common 
failure modes are: 

If the fast repeat or the super fast repeat either fail to work, work all the 
time, or repeat way too fast, check the 556 located at LI1O and also the Cl6 
capacitor. 

Another thing to check if there is no fast repeat is diode CR5, located M7. 
If the data from the keyboard is wrong, check the keyboard encoder chip at 
H14, (check its power connections too,) or one of the 74LS257’s located at 
H12 or Jl2. 

If one of the above hasn’t led to the problem, check the 74LS05 at H9, or the 
74L8132 at H10. 

Lastly, if the power light of the keyboard fails to light, check transistor 
Q9. 

ROM failures are almost ALWAYS, (99% of the time), the ROM chip itself located 
at B9. On rare occassions, it could be that the IC located at F9 is NOT a 
341-0055, as it should be. 


THERMAL or "HEAT SENSITIVE" failures: (These should be vertified as heat 
sensitive as described in section 4.4 above). 

After vertifying that the unit is actually heat sensitive, you will have to 
locate the area of the board where the problem is. Do this by looping on the 
portion of the diagnostic that failed and moving the heat gun over the affected 
areas. If the unit does not fail within a few minutes, move the heat gun to a 
different area fo the board and continue the process. 


When the test begins to fail, you have found the correct AREA of the board. 

You may now want to use, a monitor command of some type with the X (or repeat) 
command, for your troubleshooting. 

The most frequently heat sensitive devices are the ROM located at B9, the 6502-B 
located at B7, and the 7643 PROMS (with the 342-00xx numbers), scattered through- 
out the board. 


TROUBLESHOOTING INFORMATION 


SYSTEM DEATH ERRORS and their meaning: 


error code meaning 
$0] bad break (BRK) from SOS 
$02 interrupt not found (but received at CPU) 
$03 bad zero page allocation 
$04 unable to lock NMI 
$05 event queue overflow 
$06 stack overflow 
$07 data manager detected invalid request code 
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$08 
$09 
SOA 
SOB 
$0C 
$0D 
SOE 
$0F 
$10 


“ul 


dmgr - too many device handlers (drivers) 
memory too small (<64K) 

volume control block not usable 

file control block crashed 

allocation blocks invalid 

directory is not correct 

pathname buffer overflow (too long) 
invalid buffer number 

invalid buffer size (=0 or >16K) 


MONITOR AND ESCAPE COMMANDS 


MONITOR COMMANDS: 


COMMAND 
addrl addr2 


addr) :byte list 


block <addr].addr2 


block <addrl.addr2W 


addr3<addrl.addr2M 


addr3<addrl.addr2V 


byte<addrl.addr2S 


addrG 
addrJ 


U 
Xx 


REMARKS 

memory dump, to dump all memory locations 

from address $30FF you would type, 3000. 

30FF and press RETURN. 

store byte(s) in memory, just like Apple }{, 

to store data starting at address $3000, you 
would type, 3000.00 A2 FF 45 9C etc. To store 
ascii data, you would type, 3000: ’DARRELL’ for 
high bit off, or 3000: "PAYNE" for hihg bit on. 
read block from disk into memory from address l 
to address 2. Block must be in the range $0 to 
$117 (0-280). For example, 0<2000.20FF would 
read block 0 of the disk and store the data in 
memory form $2000 to S$20FF. 

NOTE: 1 block + 512 bytes, and the SOS directory 
is at block 2. 

Same as above except writes data from address 1 
to address 2 onto the disk starting at block. 
move data from memory beginning at location ad- 
dress 1 and ending at address 2 into memory be- 
ginning at address 3. 

Vertify that the date in memory from address 1 to 
address 2 is the same as data in memory beginning 
at address 3. 

search memory for data that matches byte starting 
at address 1 and continuing search through address 
2. 

call subroutine at address. This is the same as a 
JSR in assembly language, or a CALL in BASIC . 
jump to address and begin executing code. This 
is the same as a JMP in assembly language. 

calls user routine. This actually does a JSR $3F8. 
repeat entire command line. For example, COEO/ 
COE1/X will continue to toggle disk phase 0 on 
and off. 


Note that most of the Monitor commands are the same as they are in the Apple 
}{, except some have been added and others have been improved. 


“UW, 1,2 


ESCAPE COMMANDS: These are achieved by pressing the escape key followed by 


the desired command: 
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COMMAND REMARKS 

Cntl-K or up arrow moves cursor up 
entl-J or dn arrow moves cursor down 
cntl-H or left arrow moves cursor left 
cntl-U or rt arrow moves cursor right 

L clear to end of Line 
P clear ro end of Page 
S clear screen 

4 set 40-column display 
8 sey 80-—column display 


using the monitor to cause a particular signal or group of signals to toggle 
back and forth between high and low levels, can be a valuable troubleshooting 
tool. Listed below are some commands you can use from the monitor to do this. 
They are listed as they are found on the Apple /// schematic, by signal name, 
(all signals on sheet 2 of the schematic are grouped together, page 3 signals 
likewise, etc.) The signal name is given first, and the next line gives the 
Monitor commands you must enter to toggle that signal. {C}, means hold down 
the control key while pressing the next key, and {R} means press the return 
key. (NOTE: After you have typed a sequence of monitor instructions and 
used the oscilloscope to look at the signals produced, if you need to look 
at some different signal, ALWAYS reset the system, and use the CONTROL, 
APPLE, RESET sequence to re~initialize the system since it could possibly 
be in an unknown state, caused by either the problem you are trying to isolate, 
or the last instruction that you typed in). 
Page 1 signals are listed on the page where they originate. 
Page 2 signals are normally all running. Address lines and bank switch 
signals are listed on the page where they originate. 
Page 3 signals 
Address lines: 
FFDO: O/FFDF :1F/FFEF" O{R} 
O.FFFF/X{R} 
Data lines and R/W: 
3000:A5 5A/3000.3001/X{R} 
Page 4 signals: 
GB outputs, (74LS139) 
FFCO/FFDO/FFEO/FFFO/X{R} 
J6 outputs, (74LS138) 
C000/C100/C200/C300/C400/C500/C600/C700/x{R} 
K4 OUTPUTS, (74LS138) 
C080/C090/C0A0/COB0/COCO/CODO/COEO/COFO/X{R} 
K7 outputs, (74LS138) 
C000/C010/C020/C030/C040/C050/C060/C070/X{R} 
H6 outputs, (9334) 
C050 .CO5F/X{R} 
6522, Port A, (Environment register) 
AQO00.A2 5A AO AS 8E DF FF 8C DF FF 4C 04 AO{R} 
AO00G{R} 
6522, PORT B, (Zero page register) 
AOOO: A2 5A AO A5 8E DO FF 8C DO FF 4C 04 AO{R} 
AOOOG{R} 
Page 5 signals should always be toggling if the screen is enabled, and 
something is being sent to the screen, (whether or not it actually gets 
there). 
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Page 6 signals 

L13 outputs, (9334) 

COEO. COEF/X{R} 

L12 OUTPUTS, (9334) 

CODO.CODF/X{R} 

Page 7 signals 

BCKSW1-BCKSW4 

AO000:A2 SA AO A5 8E EE FF 8C EE FF 4C 04 AO{R} 

AO0O00G{R} 

L7 outputs (bit 7 only), 74LS251 

C060. CO6F/X{R} 

Sound signals will toggle continuously from sound test ACIA signals 
COFO: 55/COFO/COFO:AA/COFO/X{R} 

Page 8 signals 

Keyboard A port read 

C000/C010/X{R} 

Keyboard B port read 

C008 /CO10/X{R} 

Page 9 signals should all be running. These are all of the main timing 
signals for the Apple ///. 

Useful addresses to know: 

If you wish to know the status of the CPU at the time of a system failure, 
($010-$10), you can use CONTROL-APPLE-RESET, to enter the monitor and then 
examine memory beginning at $19FO, for the information. NOTE, this applies 
ONLY when the failure occurred while running under control of SOS. 
SIOFO-19F1] 00 0eeeeeeeePROGRAM COUNTER 

SIOE2 eecvccccvccceceseSTACK POINTER 

SIOF3 ccc cccccccccccceeLNVLRONMENT REGISTER 

S19 FG cccccccccccceeeveeeLERO PAGE REGISTER 

S19F5 eccccccccccccceee BANK REGISTER 

S19 FO ccccccccccceeceeePROCESSOR STATE REGISTER 

SIOF7 cccccccccccccees eACCUMULATOR (A REGISTER) 

S1OFB .ccccccccccccveeeLNDEX X (X REGISTER) ****% 

S19F9. ccc cccccccceeeeINDEX Y (Y REGISTER) 


kxkkkk NOTE: If the failure was a $02, (interrrupt not found the index 
register X should contain one of the following codes: 


$00...e.. IONMI was the interrupt 

SOl..e.- ACIA was the interrupt 

$02... CA2 from 6522.E was the interrupt 
$03...e. CAl from 6522.E was the interrupt 
$04....-. shift register from 6522.E was the interrupt 
SOS.eeee- CB2 from 6522 .E was the interrupt 
$06... CBlL from 6522 .E was the interrupt 
$O7..e.e-. Timer 2 from 6522> e was the interupt 
$08..... Timer 1 from 6522. E was the interrupt 
SO9 eee CA2, 6522.D 

SOAseeee CAL, 6522-D (ANY SLOT but no slot found) 
SOB..... Shift register, 6522.D 

S$OC....- CB2, 6522.D 

SOD..2e- CBl, 6522.D 

SOE..-.- Timer 2, 6522.D 

SOF..... Timer 1, 6522.D 
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$10..e+e+ >>> INTERRUPT NOT FOUND <<< 
Sll..e.ee SLOT 1 was the interrupt 
$12..e.e- Slot 2 was the interrupt 
$13.26. Slot 3 was the interrupt 
$14...-. Slot 4 was the interrupt 
Keyboard: 
COOO — "KA" Port 
Bit 7 6 5 4 3 2 l 0 
drdy 4d6 d5 d4 d3 d2 dl do 
COO8 - "KB" port 
7 6 5 4 3 2 l 0) 
d7 kybd A2 Al alk ctrl sft  anyky 
A2 is solid apple switch 
Al is open apple switch 
alk ia alpha-lock 
ctrl is control 
sft is shift key (either one) 
C010 - keyboard reset 
Speaker 
C030 - toggle speaker (same as Apple }{ 
C040 - Hardware bell (one beep) 
FFEO — Bit 0 — 5 Apple /// sound (D-A) 
Screen Control 
CO50 ~ C057 (see sheet 4 of schematic) 
CQ50,C051 — TEXT mode 
C052 ,C053 — MIX mode 
C054,C055 — PAGE 2 mode 
C056,C05/ -— HIRES mode 
Joysticks, switches, and printer port 
C058 -— COSF (se sheet 4 of schematic) 
C058 ,C059 — PDLO, Address 0 of A/D 
(also disable/enable output handshake) 
CO5E, CO5F - AXCO, Address 1 of A/D 
(output handshake line false/true) 
CO5A4,CO5B - PDL2, Address 2 of A/D 
CO5C,CO5D — A/D ramp start 
(NOTE: To read a particular joystick pot set correct address 


as follows: A3 A2 Al <---Address lines 
joystick #1 (XO) 0 0 l 

" (YO) 0 1 0 
joystick #2 (Xl) 0 l l 

" (Yl) 1 0 0 


Then use CO5D to enable the RAMP of the A/D. 
Bit 7 of C060 is switch 0 

C061 is switch 1 

C062 is switch 2 

C063 is switch 3 

C066 is the joystick timeout (selected above) 
CODC, CODD is ENSEL (direction of CBl in 6522. D, SCO) 
CODE, CODF is ENSIO (serial data R/W in 6522. D, SER) 
C064, Bit 7 is IRQ3 and 
C065, Bit 7 is IRQ4 
CO9X is Device select for Slot 1 
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COAX 
COBX 
COCX 
C1XX 
C2XX 
C3XX 
C4XX 
CODA 
CODB 


is 
is 
is 
is 
is 
is 
is 


IO 


IO 


Device select 
Device select 
Device select 


1O select for 
IO select for 


for Slot 2 
for Slot 3 
for Slot 4 
Slot l 
Slot 2 
Slot 3 
Slot 4 


select for 


select for 


disables Character Generator RAM write, and 
enables Character Generator write. 


COD8 disables hire scroll, and 


COD9 
COEO, COEL 
COE2, COE3 
COE4, COES 
VCl VBI 
0 


— = =e OOO O 
— OO KF & © 


1 
Disk drive 
CODO, CODIl 
COD2, COD3 
COD4, COD5 
COD6, COD/ 
AO 


COE] 
COE3 
COES5 
COE7 
COE9 
COEB 


COEO, 
COE2, 
COE4, 
COE6, 
COES, 
COEA, 


enables hires scroll. 


If enables, then 
is set/clear address VAl 


is set/clear address VBl 

is set/clear address VCl 

VAl results in... 
0 no scroll 
l 1 horizontal line wrap 
0 2 horizontal line wrap 
1 3 horizontal line wrap 
0 4 horizontal line wrap 
1 5 horizontal line wrap 
0 6 horizontal line wrap 
1 7 horizontal line wrap 

Addresses 


clear/set external drive address AO 
clear/set external drive address Al 

enable, external drive power 

Side 1/Side 2 signal. If COD4 (enable), then 
Results in... 

no external drive 

external drive #1 

external dirve #2 

external drive #3 

disk phase 0 set/clear 

disk phase 1 set/clear 

disk phase 3 set/clear 

disk phase 3 set/clear 

drive motor disable/enable (begins time out) 
select internal/external drive 


RS-232 Port, ACIA, (6551) 
COFO is received or transmitted data 


COF1 Writing any data causes a programmed reset, while Reading the 


following: 
Bit 7 
IRQ 


6 5 4 3 2 1 0 
NOT NOT TDRO RDRf1 
DSR DCD 


COF2 is the command register: 

Bit 7-5 are parity check controls 
Bit 4 is ECHO control 

Bit 3-2 are transmit controls 

Bit 1 is INT 

Bit 0 is DTR 

COF3 is the control register: 

Bit 7 is STOPB 


13.61 


OVERR FRMERR PARERR 


Bit 6-5 are word length 


Bit 4 is NOT XCLOCK 
Bit 3-0 are the BAUD rate 


VIA 6522 system control registers 

FFDO — Zero Page Register (Z register) 

FFDF - Environment register (E register) 

Bit 7 6 5 4 3 2 l 0 
1 MHz IOEN SCRN RSTEN WPROT PRSTK ROM 1 ROMEN 

FFD2 -— data direction register B 

FFD3 —- Data direction register A 

FFD4 - FFD/ Timer 1 

FFD8 — FFD9 Timer 2 (used by printer port) 

FFDA - Shift register (used by printer port) 

CAl (in) Anyslot IRQ (will not clear) 

CA2 (in) printer port input handshake 

CBl (out) Printer port clock 

CB2 (out) Printer port serial data 

CB2 (out) joystick address 0 set/clear 

FFEO — interrupt flags in / sound out 


Bit 7 - IONMI (in) 

Bit 6 = LOCT (in) 

Bit 5-0 interrupt flags in / bank register (in/out) 
Bit 7 - NOT GIRQ 

Bit 6 — Not A }{SW 

Bit 5 — Not IRQ2 

Bit 4 - Not IRQI 

Bits 3-0 — Bank register (B register) 


FFE2 - Data direction register B 
FFE3 =- Data direction register A 
FFE4 - FFE/ Timer ] 

FFE8 - FFE9 Timer 2 (input to IOCT flag) 
FFEA -— Shift register (used for VBL) 
CAl (in) clock/calendar IRQ 

CA2 (in) keyboard IRQ 

CBl, CB2 (out) vertical blanking 

List of interrupt flag location: 

COOO — Bit 7 = Keyboard 

C064 - Bit 7 = Slot 3 


C065 - Bit 7 = Slot 4 
C070 - = real time clock (function in Z reg) 
FFDD — Bit O = CA2, printer port input handshake 
Bit 1 = CAl, anyslot IRQ 
Bit 2 = shift register 
Bit 3 = CB2 
Bit 4 = CBl 
Bit 5 = Timer 2 
Bit 6 = Timer 1 
Bit 7 = IRQ, any of the above 7 IRQ’s 
FFEO - Bit 6 = IOCT 
Bit 7 = global IRQ, any IRQ in the system 
Bit 5 = Slot 2 
Bit 4 = Slot 1 
FFED - Bit 0 = CA2, keyboard 
Bit 1 = CAl 
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Bit 2 = Shift register 

Bit 3 = CB2, VBL x 8 

Bit 4 = CBl, VBL x 1 

Bit 5 = timer 2, LOCT (slot) 

Bit 6 = Timer 1 

Bit 7 = IRQ< any of the above 7 IRQ’s 


Vertify the problem found. Whenever it is practical always try to 
replace the problem that you removed to see if the same symptom pre- 
viously encountered returns. If you have indeed, found the correct 
problem, the same symptom will return. Otherwise, the probelm pro- 
bably still exists and further troublshooting is called for. 


Vertify the fix. Once you are confident that you have repaired a 
problem, RETEST the ENTIRE system using ALL of the methods, described 
above in section 4.0. If no further problems are encountered log and 
label the board as repaired, making sure that ALL documentation, in- 
cluding SYMPTON, SOLUTION, and METHOD pf fault isolation, (especially 

if it was a tricky one), are included. If you DO find another problen, 
then RESTART the diagnostic procedure and attempt to isolate and repair 
the NEW problem that you ahve encountered. Repeat the entire process as 
necessary, until ALL problems have been identified and corrected. 
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APPI {_ COMMON FAILURES (FOR SHOTGUNNING) 


SYMPTOM PROBABLE CAUSE 


SELF TEST (F6E6G) 


Self-Test but characters wrong 748257 (U66 [C12], U69 [(C13]) 
74LS374 (U4, [M13] ) 

Self-Test with ACIA error message 6551 (U98 [B10] ) 

No~Reset B8, D13 


A/// FINAL TEST: PART A 


No-Boot: Prom 42 [M14], D3, G13, Gll 
Video: 

Wrong colors CS 100 pf 

Random Patterns B8, FlO, Gll 

Sound: 

No sound or weak sound LM380 (U103 [14] ) 
Sound does’t sweep 6522 (U97 [G10] ) 
Serial Port: 

Fails 6551 (U98 [B10]) 
Paddle Port: 

Switch Fails 74L8251 (U101 [J11]) 
Paddle Fails 9708 (U105 [L5]}) 
ROM: 

Fails: 341-0031 (U64 [D10]) 


A/// FINAL TEST: PART B 


Printer Port 6522 (U73 [H10]) 
74L8125 (U160 [M4)), 
74LS8126 (U161 [1I7]) 


This by no means exhaust the possible failures. Try to use your technical 
ability to find out what’s wrong. 
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THE RAM FAILURE MAP INDICATES) 
THE PHYSICAL LOCATION (COORDINATES 
OF THE RAM FAILURE. FOR EXAMPLE, 
IF WE OBSERVE INVERSED 1'S FOR 
THE LOWER ROW THIS WOULD | 
CORRESPOND TO A RAM(S) OR RAM! 
ADDRESS FAILURE AT LOCATIONS ' 
C9-Cl10 ON THE MEMORY BOARD. : 
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128K 
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APPLE /// IC PARTS BY LOCATION 


LOCATION DESCRIPTION APPLE PART NUMBER 
A05 IC, 556 DUAL TIMER 330-0556 
A07 Ic, 556 DUAL TIMER 330-0556 
A09 IC, 74LS399, QUAD 2 INPUT MUX 306-0399 
All Ic, 74574, DUAL D-TYPE FLIP-FLOP 308-0074 
B02 Ic, ACLIA 65514 338-0002 
BO3 IC MICROPROCESSOR CILOCK 58167 331-8167 
BOS IC, 6522 VERSATILE INTERFACE ADAPTER 338-6522 
B06 IC, 6522 VERSATILE INTERFACE ADAPTER 338-6522 
B08 IC, MICRO 6502B 3MHZ TEST & BURN-IN 369-6502 
BO9 IC, ROM BOOT/MONITOR B & T 342-0031 
B10 IC, 74LS20, DUAL 4<INPUT NAND 306-0020 
BLL IC, 74LS51, AND OR INVERT 306-0051 
Bl2 Ic, 748175, QUAD D-TYPE FLIP FLOP 308-0175 
B13 IC, 74886, QUAD 2 INPUT EXCLUSLIVE-OR 308-0086 
cQ3 IC, 83048 8-BIT TRI-STATE 316-8304 
co9 IC, 74LS260, DUAL 5 INPUT NOR 306-0260 
C10 IC, PROM 1024 X 4 342-0043 
Cll IC, PROM RAS 65,12 VOLT MEMORY BD 341-0044 
IC, PROM RAS65, 5 VOLT MEMORY 342-0061 
C12 IC, PROM CASB65 ADDRESSING 342-0056 
C13 IC, PROM CAS128, 12 VOLT MEMORY 341-0042 
IC, PROM CASB256, 5 VOLT MEMORY 342-0063 
DO2 IC, 748257, QUAD DATA MULTIPLEXER 308-0257 
DO3 IC, 745257, QUAD DATA MULTIPLEXER 308-0257 
D04 IC, 74LS86,QUAD 2 INPUT EXCLUSIVE OR 306-0086 
DO5 IC, 74574, DUAL D-TYPE FLIP-FLOP 308-0074 
D06 IC, 74LS244, OCTAL BUFFERS/DRIVERS 306-0244 
DO7 IC, 745257, QUAD DATA MULTIPLEXER 308-0257 
DO8 IC, 745257, QUAD DATA MULTIPLEXER 308-0257 
DO9 IC, 74LS02, QUAD 2 INPUT NOR 306-0002 
D10 IC, 745195, 4 BIT PARALLEL SHIFT REG 308-0195 
Dil IC, 74874, DUAL D-TYPE FLIP-FLOP 308-0074 
D12 IC, 74LS00, QUAD 2 INPUT NAND 306-0000 
D13 IC, 74LS374, OCTAL D-TYPE FLIP=FLOP 306-0374 
E02 IC, 74LS374, OCTAL D-TYPE FLIP-FLOP 306-0374 
E03 IC, 74L8374, OCTAL D-TYPE FLIP-FLOP 306-0374 
E04 IC, 1024 X 4 STATIC RAM 2114 334-0005 
E05 IC, 1024 X 4 STATIC RAM 2114 334-0005 
E07 Ic, 74LS00, QUAD 2 INPUT NAND 306-0000 
E08 IC, 74LS08, QUAD 2 INPUT AND 306-0008 
E09 IC, 74810, TRIPLE 3 INPUT NAND 306-0010 
E10 IC, 74586, QUAD 2 INPUT EXCLUSIVE-OR 308-0086 
Ell IC, 74LS283, 4 BIT BINARY ADDER 306-0283 
E12 IC, 745153, DUAL 4 TO Ll LINE MUX 308-0153 
E13 IC, 748153, DUAL 4 TO 1 DATA MUX 306-0153 
FO2 IC, 745374,OCTAL D-TYPE FLIP-FLOP 308-0374 
F03 IC, 748374, OCTAL D-TYPE FLIP-FLOP 308-0374 
FO4 IC, 74166,8 BIT SHIFT REGISTER 302-0166 
FO5 Ic, IC PROM 1024 xX 4 342-0045 
FO7 IC, PROM 1024 X 4 342-0046 
FO8 IC, 74LS08, QUAD 2 INPUT AND 306-0008 
FO09 IC, PROM, 1024 X 4 342-0055 
FLO IC, 74LSL61,SYNC BINARY 4 BLT COUNTER 306-0161 
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Fll 
F12 
F13 
G02 
G03 
G05 
GO7 
G08 
GO9 
G10 
Gll 
G12 
HO2 
HO3 
HO4 
HO6 
HO7 
HO8 
HO9 
H10 
H1l1 
H12 
H14 
JO2 
J03 
JO4 
J06 
J07 
J08 
JO09 
J10 
J1l 
J12 
K02 
K04 
KO7 


K08 


KO9 
K10 
Kll 
K12 
K13 
LO7 
LO8 
L10 
L12 
L13 
MO9 
M11 
M13 
N03 
N10 
N13 


APPLE /// IC PARTS BY LOCATION 


DESCRIPTION 


ED UD ED CED OED CD “ED SED OD ED OD 6D SD OD SD De SD 8 = DD ee ow 68 2 Se 2 = ee 9 ee oe 


IC, 74LS161,SYNC BINARY 4 BIT COUNTER 
IC, 748153, DUAL 4 TO 1 LINE MUX 
IC,74S153, DUAL 4 TO 1 MULTIPLEXER 
IC, 748374, OCTAL D=-TYPE FLIP-FLOP 
IC,74LS157, QUAD 2 TO lL DATA MUX 

IC, VIDEO CONTROL ROM 

IC, 74LS133, 13 INPUT NAND 

IC, 74LS139, 2 TO 4 LINE DECODERS 

IC, ROM, SYNCHROM 

IC, 74L8374, OCTAL D-TYPE FLIP=FLOP 
IC, 74LS161,SYNC BINARY 4 BIT COUNTER 
IC, 74LS161,SYNC BINARY 4 BIT COUNTER 
IC, 74LS00, QUAD 2 INPUT NAND 

IC, 74LS399, QUAD 2 INPUT MUX 

IC, 74LS51, AND OR INVERT 

IC, 9334, TESTED & BURN-IN 

IC, 74LS74, DUAL D FLIP-FLOPS 

IC, 74LS04, HEX INVERTERS 

IC, 74LS05, OPEN COL HEX INV 

IC, 74LS$132, QUAD 2 INP NAND SCH TRIGG 
IC, 74LS74, DUAL D-TYPE FLIP-FLOP 

IC, 74LS257, QUAD DATA MUX 

IC, ROM KEYBOARD ENCODER A3 

IC, 1488 QUAD LINE DRIVER 

IC, 74LS151, 1 OF 8 DATA MUX 

IC, 74LS21, DUAL 4 INPUT AND 

IC, 74LS138, 3-TO-8 LINE DECODERS 

IC, 74LS133, 13 INPUT NAND 

IC, 74LS32, QUAD 2 INPUT OR 

IC, 74LS125,QUAD TRI-STATE BUFFERS 
IC, 74LS$126, QUAD TRI-STATE BUFFERS 
IC, 74LS$139, 2 TO 4 LINE DECODERS 

IC, 74LS$257,QUAD DATA MUX 

IC, 1489 LINE RECEIVER 

IC, 74LS138, 3-TO-8 LINE DECODER 

IC, 74LS138, 3-TO-8 LINE DECODERS 

IC, 74L8374, OCTAL D-TYPE FLIP-FLOP 


IC, 74LS11, TRIPLE 3 INPUT AND 
IC, 74LS04, HEX INVERTERS 

IC, 74LS323,8 BIT BIDIRECT SHIFT REG 
IC, PROM, STATE MACHINE P6A 

IC, 74LS174, HEX D-TYPE FLIP-FLOP 
RESISTOR ARRAY, 47 OHMS 

IC, 74LS251, IC, DATA MULTIPLEXER 
IC, 748153, DUAL 4 TO 1 LINE MUX 
IC, 556 DUAL TIMER 

IC, 9334, 

IC, 9334 

IC, 9708, 6 CHANNEL 8 BIT A/D 

IC, LM380 AUDIO POWER AMPLIFIER 
RESISTOR ARRAY, 47 OHMS 

RESISTOR ARRAY, 4/7 OHMS 

RESISTOR ARRAY, 47 OHM 

RESISTOR ARRAY 47 OHM 


14.2 


APPLE PART NUMBER 


> a aD aD ED a ED Oe OD Ow oe - 


306-0161 
308-0153 
306-0153 
308-0374 
306-0157 
342-0032 
306-0133 
306-0139 
342-0030 
306-0374 
306-0161 
306-0161 
306-0000 
306-0399 
306-0051 
302-9334 
306-0074 
306-0004 
306-0005 
306-0132 
305-0074 
306-0257 
342-0035 
360-1488 
308-0151 
306-0021 
306-0138 
306-0133 
306-0032 
306-0125 
306-0126 
306-0139 
306-0257 
360-1489 
306-0138 
306-0138 
306-0374 


306-0011 
306-0004 
306-0323 
342-0028 
306-0174 
112-0102 
306-0251 
308-0153 
330-0556 
302-9334 
302-9334 
356-9708 
354-0380 
112-0102 
112-0102 
112-0102 
112-0102 


< 0 fGOF 


a ee Le Ld | || 


N/S 


T 


T 


c8— 19"r-80 
cB—-I9F-80 


cB— T"f-B0 


c8— 19-80 
e8-t9¢-80 
c6- 19rF-60 
c8—-In¢-so 
cB8—-1T9f-80 
cB—-T9C-80 
c8—- t9F-80 


3a1ivd 


45079 


‘“AL® ATEWASSYV 


N/S 


o8s-uNrT—-GO 
08-UNF—GO 


OB-UNF~SO- 


08-UNF—GO 
08-YUNC—GO 
08-UNF—GO 
08-UNC—GO 
0B-U¥UNC-GO 
08-UNr—GO 
08-U¥UNC—-GO 
ce-uer—Te 
ca-Uer—t2 
ce-uer—Te 
cB-UrLC— TS 
e6-Uer—TZ 
ce-ver—te 
cB-UeL—TC 
cB-uer—te 
ce-uer—Te 
cB-uUer—Te 


cB-Uer—Tte 


cB-Uer—Te 
c8-uer—ftc 
c8-Uer-—Tc 
cB-uUer—TC 
cB-ver—Te 
cp-Uer—fe 
ce-YUer—TC 
cB-uUer—TC 
cg—-uenr—te 
cB-ver—Tte 
c8-uer—6et 
c8-uer—Bt 
cB-Uer—Et 
08-3 20-E} 
08-3°0-E1 
08-3290-€1 
08-3 °0-€1 
cB-Uer—GT 
08-3 °0-E7 
08-3 °0-€F 
08-4370-€1 
08-3 °0-€E1 
c8-ver—et 
e8-uer—Bl 
c8-uer—-6et 
ce-uer—st 
cB-Uer—BT 
c8-Uer-—BI 
ce-ver—Bl 


iva 


LaVLS 


| ter 
' Tey 
“Tee 
Try 
Ite 
Ter 
Ter 
Tey 
ter 
Itt 
Tey 
B46 
9809 
2vey 
Lv6 
8v6 
OSTd 
BPS 
Br4 
Br 
876 
8r6 
29E 
25e 
Br 
Gr6 
CIE 
8r6 
8r6 
8b6 
8v6 
vzov 
SeoVv 
9TTV 
Ely 
CLP 
ELY 


OTTYV 
edy 
CLy 
CL¢ 


ITTV 

Tee 
OT-9 
TOOV 
ITTY 
ITTV 
ITTV 


OHO 
NOS 


€8-19r-6s0 -31LVd 
9TT¥Y ‘-NOA 


JDVd 462-4CW-62 NOISHUSA W14 


T 


OQ wt wt wt ot wt tO mt ot wot ot OC owt wt wt wt wt Ot wt OOO OO wt ee wt 0 wt owt TY OO wt ot TY ot 2D mt wt Ont mt ot ot wt wt 
a 


Yad ALO 
aqSqN3LX3 


NM -3qd00 NV 1d 
‘3000 dOud 


Va 
Va 


pO Wa 


Vv 


Wet ae DSoonoonreanaroonnoaoarooeDracoonAoeooarrFOLH#oOArDADAAAoAO Me 


| 


a ot ot 


ao aawg a 


QaaadaaaMadaaMadaana 
RRR BARR RRA RAR ARR 6 6 ot 8 8 BR ot 8 wit BOR EO Bt rt et et Bet ot ot ot wt ot ot 


*OVCMOV FHV VSOKCHVVVL ELCs sees e owe ee eozweUOO KRDREKE HH HHS 
6 | 
MO AXKMAAAKO MK KK AM KKK ZAC #eaaaaaaaadcackcadcadkgxaZzZoaaadaagaadaa 


<a 


S 


_ > 


“OV 


“wn 


Wu 
WY 
Wy 
Wu 


du 
du 


do 
ud 


* ‘€ 

R'E 
eee ~ $%€ 
4 ‘EC 
$c 
# ‘E 
® ‘E 
tsi te 
3dV9S3 ‘E 


SdVOASW III S3lddv¥ 
‘SdVIAAW 
HOLIMS 1L4aS3u 
GQHdY¥dD B/E cE-9 

YSqaV3H Nid 92 


€v 138 3L3a1dWOd 


3ddv 
3ddv 
I1ddv 
3ddv 
Iddv 
Iddv 
I1ddv 
3 ddv 
31ddv 


"dvO 
*dv9 
‘dvo 
‘dvo 
‘dv9 
"dvo 
“vo 
‘dvo 
‘dv 


Aay 
Aay 
Aay 
Aay 
Aay 
Ay 
AM 
A3y 
Aay 


‘23dS 


*ASSVENS 


‘d30VdS 
‘MAYS 
‘NNOO 


29% YNVHD YVESOVdS LOAId 


€v auvodaAsy 
NOLING HSNd GSLYNLIV GNSS ‘HOLINS 


dVOASW LHOIVYULS 


Sd lV 


‘LHOTIVYLS 
Sdl1¥ EV aduvVOgASY 


‘ASSY 31EV9 


‘ysidvav 


‘SqCINGS YNVYD 
"YNVYO 


EY ‘Gay ‘WOVEADOId % NIVW ‘Od 


S8d1¥ EV GdYuvVOGASy 


VGTE° AG NIid-I4 

‘dav SAV 

NOILOV LIV OJON SV 
SdWv 90 day 


NOILOV 378Nn0d 


EV ayuvOdAsyY 


€v auvodAgsy 


dwiVvT 


‘aLV 1d 


‘Nid 


‘dWV1 
'HOLMS 
‘HOLIMS 
‘HOLIMS 


‘NOTLVOIT4AIOSdS 
Sd1¥V ‘EV GUVOEASY ‘LSINN ‘ONG 
SdlV ‘Ev GYVOGA3y ‘LS.LNN ‘ASSY 
‘ASSVENS 


‘'d3is3l 


eV Wect SISSVHD 


EY W9Ge SISSVHD 


‘ASSYV 


Oma 


‘ASSYV 


vd daLvVONEYOO/WVOS ‘ASSYV “LOVNI 


dV) GN3 


SQ0ISLNO/SGISNI WVOS 
1331 @ A3dIS d¥9d W004 ‘ASSY “LOVNI 


dV¥O GN3 


SqISiNO/AGISNI WVOS 
LHOIY Y 3GIS d¥D WVOJ ‘ASSV “LOVWNI 


4OL INOW 


auO0 YSMOd 9D 

EVv/cV GYuYV)D NOILVYLSIOSY WSLSAS 
XOd SAS EV LSNI ONIWOVdNN LOYNI 
XO@ WSLSAS EV'LST ONIWOVd “LOVNI 
EV Wect WNIS‘ASSY OMA LOVNI 


“TANVd GdaLvonuyoo 
JQISNI LNO-WOONY Y3BHLS 
3QISino LNI-31Id Y3HLI 


‘wv03s 
‘WVO4 


‘OMG ASSV 


“TANVd d3Lvonuyoo 
SAGISNI LNO-WOONY Y3SHL3I 
SQISiNO LND-3SId Y3aHLS 


‘WVOJ 
'WYvOS 


‘ONG ASSY 


‘a1avo 


‘YF 'ATaVO 


NOIidI¥oSad Luvd 


* -AdAL 


¥Y -30d00 3094S 


-Ou3 


III 3alddV¥ W9SC ‘94 LOVNI 


VI ¥aLVW 42O STTI GA QALNIAANI 


SWSLSAS YSLNdWOD WNOSHSd 


We TWovovde f€otodcddoc@ocdqazcCc€C€odcCc€dCcccdcccd¢€dc€c¢€momcooococcococsesocsso 


97S 38-O19 


9c ET 


97600~S18 
6600~ST8 
¥600~SI8 
E600~SI8 
f4600~S18 
14600~S18 
0600-CT8 
6800-ST8 
8800-ST8 
qsso00-scts 
L6t0-O19 
O€SO-ST8 
909T-E0b 
yTOO~-SIS 
veEtoO-SI8 
TF ¥O—O06S 
6000-S0Z 
TESO-ST8 
cesSo-St8 
€ 100-0248 
B2£00-669 
COtTO-S08 
ETOO—-ZIS 
C€000-OtZL 
9000-S0Z 
£c00-SO0Z4 
G100-S0Z 
6c00-290 
gdorro-—o1r9 
OTTO—-OT9 
OTTS—OlT9 
aqsct9-Olg 
9ST9-O19 
8000-019 
¥1600—-cbvd 
€900-tv6 
€700-ptv6 
d2900-tt6 
£000-O019 
¥600-Crd 
€900-tPrd 
C900-tt6 
Gc700-?06 
9000-019 
6c00-06S6 
€000-06S 
vOTO-OE0 
EOTO-OE0 
cOTtTO—-O0E0O 
qecte—or9 


YSEWNN Luvd 


IN3NOdWOD 


DOODDIDVIOO OD wy 


MONON NNONMNOMNMNNONNHNMNNnN OWN 


Aaa Saas 


NA Cd CO CY 


W3A31 


“LYVd INAYVd 
TVW “310d ALIAILIASASS 


c8-IMt-eEe AGSINI Yd 


14.4 


N/S 


c 


3a1LVd 
3sOT19 


“ALO AIE€WasSsyv 


39Vd 62-4PW-SC NOISHSA 114 


N/S 


Ate. ot 8 . 

O8-UNF-GO 
O8-UNF-GO 
O8-UNL-GO 
06B-UNLT-CO 
08-uUNLC-SO 
OB-UNLT-GO 
O068-UNL-GO 
O8-UNL-GO 
O8-uNrT-GO 
OB-uUNr-GO 
O08-UNF-SO 
O8-UNF-GO 
O8-¥UNT-GO 
O08-UNL-GO 
OB-UNL-GO 
O8-UNL-GO 
O8-UNL—-GO 
O8-UNLF-GO 
O08-UNF-GO 
OB-UNL—-GO 
os-uNr-cO 
Oo8-UNF-GO 
08-UNL-GO 
08-UNL-GO 
O8-UNF-GO 
O8-UNF-GO 
08-¥NL-GO 
OB-UNF-GO 
08-UNL-GO 
0B-Y¥"T-GO 
08-YUNT-SO 
O8-UNF-GO 
0B-UNF-GO 
O8-UNL—-GO 
OB8-UNF-CO 
08-UNL-GO 
oB-uUNrT-GO 
OB-UNF-GO 
og-UNr-GoO 
08-UNF-GO 
OB-UAL-GO 
O8-UNF—-GO 
08-UNfT-GO 
08-UNLT-GO 
O8-UNLF—-GO 
0o8-UNr-cO 
08-UNT—-CO 
OB-UYUNF—-GO 
0B-UNrT—-GO 


3Lvd 


LyuVv1S 


fwe 
Tee 
ley 
ey 
lor 
Ibe 
ley 
Ibe 
toy 
vuvS 
ray 
ley 
let 
lee 
Te 
ley 
Tet 
ley 
ley 
try 
Ter 
Tet 
tet 
ep 
lee 
ler 
Tet 
Tee 
ley 
lee 
trp 
ley 
ler 
lee 
Tee 
ley 
tet 
Ter 
ler 
Te 
Ite 
Tey 
ler 
lee 
ler 
Tee 
Tee 
Tey 
Tet 
Ie 


OHO 
NOS 


cB-TAF—BO ‘-31V0 
7TttI¥ *-NO3 


SI ST Sw SKI wr et ww Ss eS SI SI SE SI es St SI ee et ee ee et et et et et ee wet wt et et et et ot et et et ot et et ee wet wt ot et oe 


Y3d ALO 
d3SqNnalx3 


NM :-3009 NV 1d 
‘3009 dOud 


WwW < oa J Q2aaackaagaaeaakaaehkaaaaaakha aka ckadgkaaadcaaoadgdaaaadkakaackononadkadnadckaadai 


exexegkeean eee HAHA HREEEHRHE RHE HRHEKRKEK EK EEK RHEE KEK KEK KE HK 


<a 
a gna 


> 


etn SS It ws Se et eS ae St Oot wt es et et Se Sst wet St St rt wet es et est Ss et et et et et et et wet et et wt et wt ow et wt mt et et et oe 


- > 


Moo aacdcaaankhaaeaaaeka aka hBadcakaacaaacaadcankackadkaadcanhanckadaanankaadanar 


“AdAL 


(YOSN3S M) 


(YOBN3SS ™) 


TOULNO 


(YOSN3S/M) 


Lf 
Cc / 


J / } 


Colts 
~NN NN r 
ROorOSWer> DO. 


Ae F€NVOBOCMAUDOT OX J .. 


I+ .. 


—w om 


‘€ 
2 
‘€ 
a> 
‘E 
‘E 
‘€ 
'€ 
‘Ee 
‘€ 
‘€ 
‘€ 
‘E 
‘€ 
‘€ 
‘€ 
‘€ 
‘€ 
‘E 
‘E 
‘EC 
‘€ 
‘E 
‘E 
"€ 
‘E 
‘'E 
‘€ 
‘€ 


— bt: 
Aldd¥ 
3A lddv 
31ddV¥ 
a1ddv 
AlddV¥ 
31dd¥ 
31ddVv 
alddv¥ 
Alddv 
A31ddv 
A1ddV¥ 
31ddvV 
ADiddv 
31ddVv 
31ddvV 
a1ddV 
A1ddv 
Widdv 
a1ddVv 
Alddv 
WddV 
Aldd¥ 
31ddv 
31ddV 
a1ddV 
A1ddv 
a1ddv 
a1ddvV 
a1ddV 


‘EA lddv 


‘€ 
‘€ 
"€ 
‘Ee 
‘Ee 
‘€ 
‘E 
"Ee 
"€ 
‘"€ 
‘E 
‘E 
‘€ 
‘E 
‘Ee 
2 
‘€ 
'G 
‘E 


A lddV 
alddv 
a1ddvV 
a1ddvV 
A 1ddv 
3 1ddv 
AWddV 
a1ddvV 
3 1ddv 
dlddV 
da |ddV 
alddVv 
d1ddv¥ 
d1ddv¥ 
da 1ddV¥ 
a1dd¥ 
J1ddV¥ 
alddV¥ 
3I1ddv 


av J 
‘daVO 
‘dVo 
‘dV9O 
‘dV¥O 
‘dV9 
‘dVO 
‘dV¥oO 
‘dV9 
‘dV9D 
‘dVO 
‘dV9 
‘dVo 
‘dV9 
‘dVO 
‘dV9 
‘dvo 
‘dv9 
‘dVO 
‘dV¥d 
‘dV9 
‘dV9 
‘dVO 
‘dVO 
‘dVO 
‘dvo 
‘dV2 
‘dVO 
‘dVO 
‘dVo 
‘dV¥Vo 
‘dVO 
‘dvo 
‘dV¥9 
‘dVO 
‘dVO 
‘dV2 
‘dV2 
‘dV9 
‘dVO 
‘dVO 
‘dVo 
‘dVo 
‘dV2 
‘dVo 
‘dV9 
‘dV¥o 
‘dV¥9 
‘dV0 
*dVO 


a 
AAW 
AA 
Aa 
Aa 
AAy 
Aa 
Alay 
Aly 
AA 
A3™ 
AJAY 
AA 
AZ” 
Asay 
Aa™ 
AJ 
AAM 
Aa 
Aa 
AJ” 
Aa™y 
AA 
AA 
AA 
Aly 
AA 
AJ» 
Aly 
Ady 
Aa” 
Al” 
Aa 
AaY 
A3y 
ASv 
AJ 
Aly 
A3™Y 
Ady 
Aly 
Aa 
AJ” 
Alay 
Aa 
Aly 
Aa‘ 
Aa 
AIM 
Aa 


NOILdI¥ossad Luvd 


¥Y -3009 30S 


@ -9y3 


IIT JiddvV WIGS ‘9A LOVNI 


TVIT UYUSaLVW JO SIT] 4 GQBLNIAGNI 


SWSLSAS Y3SLNdWOD WNOSY3Sd 


We ooocoo0o0co0o00coqooqeco0oo0ccoe0o0o000co0c*o0o0o0coceo0o0coe0o00o000000000o0000c0C00oco: 


Roe Sow 
Stvto-sts 
betO-STt8 
Epto-cSie 
cy to-Sts 
Tp to-Sts 
Ovto-Sts 
6E1T0-GT8 
BETO-STIB 
LETO-STB 
9ETO-STB 
GETO-SI8 
vETO-St8 
CETO-STS 
cE Tt0-ST8 
TETO-STS 
OETO-STS 
5cTO0-ST8 
BcTO-Sts 
Lclto-St8 
9e1T0-STB 
Sctlo-sis 
veto-stée 
Ccto-Sste 
eécto-sis 
Teto-sis 
OcTtO-SI8 
6FT0-Ste 
6Btr0-STts 
L¥T0-ST8B 
9TT0-ST8 
STtto-Sté 
vTtto-Sts 
EtTIO-STI8 
cFto-Sts 
TTTO-Sts 
OTTO-STB 
60T0-ST8 
8010-ST8 
ZOTO-ST8 
90T0-ST8 
SOTO-ST8 
vOtO-St@ 
EQTO-SI8 
cOTO-ST8 
TOTO-ST8 
OOT0-STB 
6600-ST8 
8600-ST8 
£600-ST8 


YSEWNN Lyd 


Lc -€} 


INSNOdNO0D 


OGCHOWIDDIDIVVIOVONDIVNVVUNVNVODOVNVDIVIONIVNVNVWVOIVIVUNVUNWDNOWVVNVUIWUWUWUNUNWVNVNVUTWUIJIWUWWWOWOW. 


W3A371 


9STB-OT9 -LuVd IN3SYVd 


TW ‘3190 ALIAILI3SSS 


cB8-INf-Ee GALNIYd 


14.5 


14.6 


AO ae of Ce | $ ee er ro | eer Tl eg, eof bo ovbogel oe ewe bub 
os-hey-ct 9c J YV3d2dtd du WHO We %S Mb/t Say Y¥ TOCr-TOT 9 
Te-I9r-e2 92h c V3 d9dtId du WHO WST %S Mb/Tt Say Y¥ ESTb-t01 9 
os-few-21 924 c V3dI90dtId du WHO YOO! %S Mt/t S3Y VY vOly-I1oT 9 
T8-T9r7-2e  9A@r c V8ad9dtd du WHO WO!t %~S Mt/t Say Y¥ COTr-TOI 9 
os-fhew-2t 924 9 V3 d90dtd du WHO YI %S Mb/t S3Y Y¥ COTY-TOT 9 
os-few-et 924 t ¥3d929dt1d du WHO O96 %~G& M2@/TI S3Y O 19S2-101 9 
oe-flew-2i 924 if ¥YV3d9dtId du WHO O€€ %S M2Z/T S3Y O TEES-TOT 9 
oe-few-2t 924 if ¥V3d0dtd du WHO OZ@ %G M2/T S3Y O TLE2-10} 9 
oe-hew-2t sos t V3 d & dtd du III adddv Gd OOWNY WSIG ‘89d 9 vZ00-028 9 
sos O YV9NddZQd X3 III 3idd¥ GA POIWNY WSIG ‘JILYWSHIS 9D TEOO-0SO 9 
Te-4eCW-ST cos I ¥3daddtvwn EV dé SOIWNY WSIC ‘1SINN ‘ddd ‘ASSY a TO02@0-069 S 
o8-uUNF-GO- TE9 t vwadvdtyvsl EV dd SOIVWNY YSIG‘LSL ‘ddd ‘ASSY O TOer-069 v 
ce-uer-st 918 I ¥3dVdtdSM ANI ‘Gd SOTIVNY/M EV ‘E WSIG ‘ASVAES 4 }OeS-069 € 
ee-sdy-ct 1-9 e ¥V3d99dtd du AdAL dWIYD LOVINOD ‘YOLOSNNOD @ CO00-ZLIS v 
Ze-sAdy-St Tédt if Vad * 1 d du NId 2@ ‘dWIYD ‘LYS NNOOD ‘ONISNOH ¥ 0010-026 v 
cB-4dy-SGT 8109 2600 0 143d 90d Tt X X3 ce X LZ ‘OMY pe ‘WOVTE ‘SHIM @ OOve-19¢S v 
CB-Ady-CT Td T Y3Adadad2Z2d x3 Meo’ WHO 8 ‘YSWV3d5S V TOOO-TEZ P 
ce-ver-Bt 6 616t if V3do0dt X WY Y¥aWvVadS ‘ASSYV 4a 6000-009 € 
ce-uer-Te Teew e) v3an* S24 X39 NOILOSdSNI GNV 1S3i GYVOEASYW ‘EV O 62400-€90 b 
OB-UNf-GO_ Trt 0 van § 2d X3 39VdS 2/1-9 dvo ABW ‘Onda O d6%v00-290 9 
O08-UNL-GO Trt re) v3aN* S§ 24 X3 030 ZI 39vdS t/t-e@ dvd ABW ‘ONG O dt ?00-290 9 
OB8-UNF-GO TP O vanN# $§ 2d X3 930 ZT 30VdS e€ dvo ASW ‘9nd O g€&bv00-c90 9 
O8-UNF-SO Tet 0) Yan*# § 2d xk43 630 OF 39VdS ¢c dV ASW ‘SMG O dcro00-c90 9 
O8-UNL-GO Ter 8) Vv3nN# $2404 X43 930 OF 300d8 v/E-T dvd ASW ‘Oma O at vo0-290 9 
O8-UNCF-GO Trt e) v3anN# S24 X3 93d GS 39VdS 2/I-T dvd ASW ‘Oma O d0v00-290 9 
OB-UNT-cO Trt 0 vanN* S 2d X3 930 ZT 39VdS t/Tt-T d¥d ASW ‘8nd O T5E00-290 9 
os-uUNnf-SGO_ IPP a) VanN*# S 24 X53 39vdS C/I-t dvd ASW ‘OMG O qse00-290 9 
O8-UNL-GO Trt fe) v3anN* § 2d X3 030 ¢ dWNG/M 30vdS ¥ dvd ASW ‘OMA O aZ€00-290 9 
OB-UNF-GO TP 0 v3 nN* § 2d X3 dWnd/M 30VdS ¥ dV¥O ASW ‘SMI O q9E00-290 9 
O8-UNLT-GO Trt 'e) V3anN# 82a X35 030 OF 39vdS 1 d¥d ASW ‘9Md O dv€00-290 9 
OB-UNL-CGO TrP O vVvaN#*# S§ 2d XZ 39vdS fF dv¥O ASW ‘Oma O qd€&e00-290 9 
os-UNrF-GO_ Trt fe) van#*s 2d4°x3 930d LI 30WVdS 1 dvd ASW ‘9nd O q2£00-290 9 
os-UNfT-GO Ltr t YV3d90dtItdWyY EY HOLIMS 13S3yu ‘Hysa0vdSs I 6Z10-ST8 9 
O8-"UNT-GO Lt t V3d* 1 d WY IIIa Ndd¥Y ‘ASW 13S3y C€ E9T0-STS 9 
OB-UNF-GO Tr T V3ad+* tT d WY YSINS ‘E 31ddV¥ ‘dV¥O AZY O 19T0-ST8 9 
OB-Y¥NF-GO_ TY T V3 d * 1 d WY (SNNIW) - ‘'E S3Iddv¥ ‘d¥Dd ASN O O9T0-ST8 9 
OB-UNF-GO_ Ir T V43d* 1T d WY NMOG MOYMYNY ‘E SAlddv ‘dV2 AXYW O 6St0-SI8 9 
0oB-uUNL-GO TY T V3d * 1 d WHY LHOTY MOMMY 'E AIddV¥ ‘dV¥VO ASV O 8cto-c1I8 9 
O8-UNF-GO Tt § V3 d * 1 d WY 144357 MOMMY ‘E Sldd¥ ‘d¥O AZY O LSt0-S1I8 9 
OB-UNL-GO Tet T V3 d * 1 d WHY YVG S30vVdS ‘E€ S31ddvV ‘dVOd AZBY O 9610-S18 9 
O8-UNF-GO Trt T V3ad * 1 d WY “" "“ €@ BiddV 'E AWlddV¥ ‘dVO ASV O Ccto-Gcis 9 
O8-UNL-GO Trt T V3 d * tT d WY } 31dd¥ ‘€ 3lddv ‘dV AZY O vStO-SI8 9 
OB-UNF-SO Trt Vad * tT d WY YOO VHdW ‘E€ 3ldd¥ ‘d¥9d ASV O ESTO-STB 9 
Oo8B-UNF-GO Tt T Vad * tT d WY (TWWIDSd) © ‘E 3IddV¥ ‘'d¥VO ASV O cCSTO-ST8 9 
OB-UNrF-GO Tr T V3 d* 1 d WY (0Y3Z) O ‘E 3Iddv ‘dv? A3BY¥ O TSTO-ST8 9 
OB-UNL-GO ITH T Vad * 1’ d WY dN MOUNY ‘E Alddv ‘dV ASV O OSTt0-SGI8 9 
OB-U¥UNLF-GO TY t V3ad* tT d WH ISTIHS ‘'E 31ddV¥V ‘d¥Vd AZY O 5¢7T0-ST8 9 
OB-"¥UNF-GO Trt t Va d* 1 d WY 4/7 é& ‘© Wddv ‘dvd ASW O S8v1l0-STa 9 
O8-UNF-GO TtY T V3 ds 1 d WY "4 € '& BDddv ‘dvd AZBY O Lvto-St8 9 
N/S 31Vqd N/S 31Vva OHO Y3d ALO Wn 14 dAO QD Yu YSEWNN LYuvd 73A371 
38019 LYVLS NO3 d3SqN3gL1Xx3 dvsil1S ud | NOIidI¥OS3S0 LuVvd 3 INSNOdWO9 
eB-—1n"¢-80 -31Vd NM -3009 NV 1d ¥Y :oaVv # ‘AdAL ¥Y :3009 394s @ :ou3 . 
T (ALO ATEW3aSsv 9TIVY °NO3 -3009 dOud V3 ¢:WwNn III 3ddV¥V WIGS '94 LOVNI 9STB8-O1T9 (LYWd LN3SYVd 


TVI YSBLVW AO BIT € AQAZBLNIAGNI TW #-3LVd ALIAIL0343453 


c 39Vd 6Z-4PFW-62 NOISHSA IG SWALSAS YS1NdWOD IWNOSYSd ~~ 6c :ET e8-IMf-Ee GZLNIUd 


v 


N/S 


T 


te-t9r-Te 
TE-—ACW-TT 


18-49384-E¢ 
OB-AON-ZT 


3ivad 


38019 


“ALO ATIGWassyv 


N/S 


ar Or nan | Soe Ne 
o8-unr-—cg 
0s-uNnr-soO 
08-uUNnr-¢GoO 
08—-unr—coO 
08-"uNnr-GO 
08-UNnNtT—soO 
1Q@—-4eW-TT 
oB-fhew-er 
18-4eW-TT 
os—fhew-ey 
os—hey-eT 
os—hey—et 
1E-—4eW-TI 
0B—fhew-et 
18-494-€2 
08-fhey-2t 
08—fhey-z2t 
08—hey—et 
oB—hew-—et 
06—hey-et 
OB-AON-ZT 
o8—fey-zy 
08-fhey-eT 
086—hey-et 
08—hey-2t 
oB—-heyw-—z2y} 
oB—hey-et 
08—hey-at 
oa—hey-et 
08-few-at 
op—hey-et 
0B-hey-2t 
08—fhew-z2t 
18-197-zze 
0B—-fhey-—2r 
0B-fhey-z21 
08—fhew-ar 
os—fhew-z2t 
0B-few-2t 
0s—fhey—2t 
18-19-22 
0B-few-eT 
0B—fey-zt 
0g—hey-zt 
0B-fey-—et 
18-19-22 
0B-hey-z2t 
08—-hey-zt 
0s—-hew-2t 


3iva 


Luvis 


bb 
c&G 
992 
64 
cvs 
L£G9 
Ter 
cir 
VuvS 
Ctr 
rrod 
VuVvS 
ICV 
ctr 
924009 
TcOO 
ANON 
GTtto 
662 
662 
6624 
cer 
TTT) 
9¢c0)9 
FEL 
ovr 
4vv 
oh Ad 
Cor 
cry 
OLY 
Cvv 
Cer 
Cry 
EEY 
9Ccr 
FEV 
3 5 
cer 
Cer 
Cvv 
ctr 
cry 
Cctv 
Cry 
cry 
/xoe FO) 
9Cv 
FEV 
9Sv 


OHO 
NOS 


c8-1I9F-80 ‘:31LVd 
9IIVY -NOS 


S39Vd 62-4PW-6e NOISHSA WG 


Naw Naw NN nam NN Yer NPM PMN AMON tt met Clare 


Yu3d ALO 
a@3SqN31x3 


N :3009 NV1d 
°-300) dOud 


e 
ee 


Wet at agaganhmaaaadaanaankaandadkadaadkackakankaadandkakaackadkadtkadkaadcaaaanad 


<a VOUOVUOVSOUGVCVOVOVVNVOOUVUV CUO MAMVVUMVVVVVIVVOOUNAMMoONMVIVIV LCOVV VV. 
Oa aaagcadacaaackacaaanadkaadaadkaadcadcaabaaackadgaadkaaaadaadkanaaadadni 


> 


-JayV 
“WN 


Ce oe oe ee ee eee ee ee ee ee ee ee eee he ee oe he hehe ee eee. ee ie 


wo aaakcagdaaanaakhaaekaakankaagna eaackackhadkaadcaohanckadadncaadadkaadaadax«ad x x> 


# 


bas 8 


suv3 


bodes ers ut £ be pst tee A Deen es 


SVVoOWSId ITI 3 lddv aay ‘G37 
dWIYD LING ‘YOLOSNNOD 

III 3iddv¥ WSIG ‘3avVOA INOYS 
Titaiddv WSIG ‘YoOOod 

Illa VWddV¥Y WSIG ‘dI7) yoo 
SATIYd WSIG Sd W300 ‘ASSV 
“20¢ SWHO WOe WIL ‘10d 

WHO WZ ct ~T MB/T ‘S3Y 

cEeS lvl ‘Ol 

HN 2e wSaLTIA YOLONANI 
L£E9C-609% @8l Nid 9c ‘Y3d0V3H 
WHO O9G¢ %&S Mv/T S3uY 

vZS1¢~2 ‘OI 

EOOPNT ‘30010 

HAB8C WOO ‘3WOHD 

‘03dS 3lddV¥V SOd » ‘NNOD Nid 
JTVONIS ‘NId 

NId 91 OI ‘LEWO0S 

NId tt OF ‘LAEWOOS 

NId 8f OI ‘L3EWO0S 

O/M JIONY “LY NId 92 ‘Y¥3q0V3H 
TSN—-SdW ‘YOLSISNVYL 


9O6ENS ‘dWY¥?2 MS dNd ‘YOLSISNVUL 


“ST UdWY GvV3aY WSIdG AddO14d OLVEOW 


AVUYY 
AVE 


“AdAL 


BYTeNT ‘sq0Id 
"OI 
YOLSISNVYL “LIOA IH 9¢TE ‘OI 


“SISNVUL NOLONIDYYG VEOO? ‘DI 


G2IsWwZ ‘Ol 
%0T H90L% ‘3WOHD 

%OT H9@9 ‘3WOHD 

IGN0O0G WddOOs %S APOTG ‘dv? 
2GA0OG WddOO?e %~S AFOEE ‘dvd 
DGAOOG WddOOZ %~S S4d00T ‘d¥2 
AOS AGA/NSZ %OZ-O08+ ANT ‘dvd 
AOS N&Z %~02 SATO’ ‘d¥Vd 

AOS 4SZ %OT ASOO0E ‘d¥2 

AE “9 ANOLY ‘d¥D 

APT 4ANOZS ‘dv9 

AIT SNOT ‘d¥d 

AOOT ~2S AN@Z@° ‘dy¥d 

%0@ SWHO WO't WIYML ‘10d 

WHO 488 %1T Mb/t Say 


WHO vE9 %I Mb/T S3u 
WHO 92S %3 Mb/3t S3U 
WHO ZET %3 Mb/T Sau 

WHO WZ ‘8 %S Mb/T ‘Say 

~ “WHO 16 %S Mb/T Sau 

WHO YL '% %S Mb/t Say 


WHO WE %~S Me/t Sau 


NOITLdIY9S30 Luvd 


+ meee 


v :3009 39uS 4 ‘943 
III 3idd¥ W9SZ ‘Od “LOVNI 


TVIYALVW JO BIT1T1I1I48 GQ3BLNGZAZANI 


SUBISAS YSLNdWOD WNOSY3da”” 


ween 


wv Vioboecu bes 
vO00-O1Z2 
g GTOO-ZLITG 
S9T0-ST8 
v9T0-STI8 
c9T0-St8 
CO00-669 
vO00-401 
vict-Bs0t 
CEO00-SOE 
cO9G-SGT 
STOO-GTS 
T9St-TOT 
¥L00-SOE 
C00r-T1ZE 
COTL-SGT 
6000-STS 
S000-S1TS 
TO9T-TES 
TOvT—TIS 
TOBI-TTS 
O800-STS 
TOOO-9ZE 
906E-E2E 
Brlp-TZE 
OZVE-SSE 
9vVTE-TSE 
£F00c-ZcE 
SClO~-SOE 
TOZ9-TST 
TOBS-IST 
1OL9-ZET 
1099-ZLET 
TOT9-ZLET 
TOTS6-SET 
cOTea—-cEel 
TO9L-CET 
TOL9-GeT 
TOv9-Gcl 
TOTS—-SGel 
T000-OcT 
£000-601 
C€288-80} 
CvE9-B0T 
c9LS-B0F 
cLET-801 
CCBt-TOT 
OTSh—-TOT 
CLYb-TOT 
COEP—-TOT 


wrvrervredgce 


x 


iN 


NVSYNVVDVVVOVVVNVIIVVVOVVWVVUUIVIVVIIVWIVUIOWTVNVIVIVNVWVNVOVVWVVUVWUVNVUVWUWIVIWVIW 


YSEWNN Luvd 
INASNOdWOD 


A371 


we <ccc€qo0oodcoedc¢cc¢Coomtooomodtcooo0ocdtcCdoovoMmonaddccocCfqooow 


9STB-OT9 “LYVd IN3AYVd 
THY -31V0 ALIAILI9SA3 


O€ ‘Et ca-T9r-Ce G3SLiNIkd 


S 


N/S 


T 


28-1dy-92 


ce-hew-60 


cB-hew-Zt 


2B-hew-60 


3ivd 


350719 


“ALS AEW3SSV 


N/S 


eB-uer-g} 
eg-uer—-gt 
1e-uUer-6] 
Tea-uer-o] 
ce-ver-gt 
eg-udy-92 
Te-uer—o] 
Te-uer—4t 
2g-uer—gI 
ce-uer-gI 
ce-uer—gt 
ce-uer-—gt 
2e-uer-g 
ce-uer-—gI 
2e-uer-Bt 
ae-uer—gt 
ee-uer—gt 
ce-uer-gt 
ee-uer-gI 
ce-uver—Bt 
18-99 4-82 
18-499 4-82 
ee-uer-—9] 
2g-uer-—g] 
ce-uer-—gt 
eg-uer-gyt 
2e-uer-gyt 
ee-uer—9gI 
cg—-uer-gt 
ce-ver—gt 
ce-hew-Zt 
2o-few-Zt 
cG—-hep—Zt 
Za—hew-Zt 


ca-fheyw-Zt 


Ze-fhew-Zt 
7e-fhew-Zt 
co—fhew-Zt 
26-hew-zt 
Ze-hew-zt 
Te-uer—ST 
1e-uUer-I 
Te-uUer-—6F 
29g-uer-pT 
2e-uer-—8t 
19-d85-¢I 
08-uNnr-sGO 
1g-uer-—ge 
o8-unr-—co 


3LVGd 


LYyVvLS 


eK # 


t60V 


cB8-T9C-60 -31V0 
9TTY -NO3 


J9Vd 62-4PW-6c NOISHSA 114 


T Vadv # VY 
EZ6 1 Wadv #**¥ 
1EOV I Vad2dtd Wy 
9E0D T V3d0dt dwy 
66S I Vad) dt xX WY 
9809 St vWad* * X 
S119 0006 2 lg d *# dt d OU 
rach t vad2dtId du 
&6S Zz vad a&dtd0ou 
LL8 t vad Vdt Vv XA 
SEOV I WadIdZX X3 
tee E Wad2dt xX x3 
9809 L vad) 0x x3 
9809 2 WadI2dt X xa 
Ltv t WVad2dZ X xa 
zo" I vad) «#X 
9809 S Vad) #*X 
Lev t Wadd X x3 
yzov 1 vad2dtdWy 
ZSE 00100 vada dt X X3 
ZtOv t vVad* t.d Wu 
£86 t vVadv¥ tdwy 
46S T “wadv dw 
LL8 00€2 ‘0 Wdadt xX x3 
Svs 9 WadIdZ xX x3 
bby z WadIdZX x3 
6vZ I Vad)2dt xX WH 
bvy Z WadI2dt X x3 
bth 2 VadIdt xX x3 
bvy z Vad2 dt X x3 
9Z 0800 ‘0 ldd* #d 
~ “’9Z 0800 °0 “J4de ad 
?9Z 0800 ‘0 lid* «ed 
9112 0800 ‘0 vVae% ««# # 
“¥9Z 0800 '0 “Jad * td X3 
t9Z 0800 ‘0 lid* ad 
9Z 0800 ‘0 ldd* ad 
~9Z 0800 ‘0 ‘dodge ad 
¢9Z ‘0800 ‘0 lid* «#d 
£509 0800 ‘0 tijd* *X 
2809 0008 ‘0 t4d* L4d4X3 
oot Wd* %+td4Xx3 
cs 2 vVad* 1ddu 
vrov T ¥Vad2dt du 
SEOV t Wadd dX XZ 
918 t Wad* ad 
Tey T Vad2dZ xX Xx3 
9809 2 Wad 2dt X xa 
E92 t ¥3d2dtdwy 
OH) Yad ALO WN tadA2a9 
NO3  GadN3aLXx3 dVS18 Ud 
NM :3009 Nvld Vv :o€aV 
:3009 dOud va ‘Wn 


Iviuasgivw 3gos 


SWALSAS YSaLNdWOD “IVNOSYSd 


ee = et ee ee 2 Me ce Oe 


# ‘3dAL 


ede ul ote Uist Ybou : wv elds ew SEIN 
WHY AG HOd OISNT EV 'LSLINN ‘ASSY 

W¥H AG YOS JIOOT EV ‘LSL ‘ASSY 
IIlIaIdd¥Y ‘AYVO WuysHdI Yad ‘YSA0D 
III 3dd¥V ‘Y3SA09D dOL 

EY ‘YSAO9 dOL ‘ASSVANS 

O1TX9 “XG EW YD Hd dV¥l ‘MAYOS 
YOLONGNOD Fe lV1d ‘AWV) 
AINW39V7dS1Id “TNSNI L3EWI0S d9e ‘NNOD 


NOGaIy GNOD 92@ ‘917 «GT ‘ASSY 31EV9 
(AOTT) EV O31LSV WSO ‘AlddNS Y3SMOd 
EY SLVIdSWYN TS0OW ‘73807 

G EW 19145 ‘YSHSYM 

SWHd WWOT X 9° X SEW ‘M3YOS 

Yd I1ZOd WN9 X GPO X GS CW ‘MAYHDS 
Ilia 1dd¥ ‘YOLISNNOOD YV3EYN '194EV7 
mM % “ON WIESS EV “T1EaVT 

00S ° 0&2 X t& ‘ONIddVL ‘M3YNDS 

NO Y¥3MOd ‘W3EV71 

IITIaidd¥Y ‘Y3SA00 GuYVOEAAY 


AVES SYTE# ALY ‘SAISSHAY 
Cv SISSVHOD LSVOSIG ‘asvs 
EV GANIHOWW ‘SISSVHD 

Ev G3iNIVd ‘SISSVHD 
SAISSHdY d3aqdis 378nodg ‘WvOd ‘3adV1 
OS ‘IHcS” ‘1004 

dI19 ONINIVL3SY ‘YSNSLSVS 

ev © NMOG GQIOH WSIdG ‘dit 


NYUNL w/t ‘3IVLdaosy NO-dI19 
~  NYUAL #71 ‘YSaNIVL3EY 
YANSLSVSA NYNL w/t “SdNLs 

OE X Z ‘OMY 22 ‘ALIHM ‘SHIM 

Of X LZ TOMY CS ‘AVHO ‘SHIM 

O€ X 2 ‘OMY ce “LIVIA “SNIM 

OF X £ ‘OMY 22 ‘SNA ‘3YIM 

O€ X Z 'SMVY ce ‘'N3SUS ‘SYIM 

OF X Z ‘OMY Ec ‘MOTISA ‘SYIM 

O€ X Z ‘OMY Ce ‘“AONVYO ‘SYIM 

Ob X¥ 2 ‘OMY Se 'A3YN ‘AYIM 

OE X ZL ‘OMY Ce ‘'NMOME ‘SAYIN 

OF X 2 ‘SOMVY C2 “WOVTE “SYIN 
”“SLTHN GT 87 YNIYHS LVSH ‘ONTENt 
‘SNI OAd/M G3S0NVELS OMY CCH “SYNIM 
NId OF Ldd3Y ‘NNOD 


“TIT S1idd¥V G&@ NW/A1ddNS YAMNOd ‘31EV9 
SLVIdSWYN 0007 S1ddv¥ ‘I9aav71 

WOO 30vIuYEVD ‘dYuvo 

_ EY YSIG ‘INI ‘#1VI1YNaS ‘TWa4aVvI 
Yq IZ0d WWI X St O X G CW ‘MSDS 


ITS Iddy 3AINd ‘d731HS 


eee Ce id 


vy :3000 30uS) =a :043 
III 3tddv W9SS ‘O45 “LOWNI 


a ed 


TTI @G @aLinNnaani 


ee et ew ees 


NOILdIYIS3d Luvd 


= 


= 


= 


Wo emodtovulflommaanmanmamanmmoocovocn<c<dc ComMnmOnKnOSOAHMMOoUCIaMelEeErvcwWe 


LO Or ee OS ee eA Y 
9010-019 p 
901%-O19 € 
1E00-S08 y 
9800-S18 p 
1100-019 E 
9001-02t E 
0600-045 v 
OE00-LIS v 
ZE00-066 
1600-669 
9900-28 
0200-098 
Olpt-Olb 
9021-Olv 
£600-Sz8 
1260-28 
SOOT-0€r 
€910-S28 
4800-S18 
£000-806 
79E0-SI8 ¢ 
9£0-008 b 
960-018 
0000-9¢6 
S000-S98 
100-068 
£S600-508 
2100-068 
1100-068 
0100-068 
6622-19 
g8z2-19¢6 
LL@2-196 
9922-19 
SG2@2-19S 
py2z-19¢ 
EESz-19S 
22z2-19¢ 
TTZZ-196 
0022-195 
2010-055 
6022-195 
Ov00-ZIS 
Z£100-06S 
S00-¢28 
8Z00-v16 
800-S28 
90Z1-O1b 
SE00-S08 


wTv7T7rTre7errCrr7r7qrr"? 
lp so I oe I ae ee Bd OMNIA AAaiIaaaan 


i 


e¢rvg?e 


YSEWAN LUV 
AN3NOdWOD 


WASs1 


9STB-OT9 -LUVd IN3YVd 
TW ‘31V0 ALIAILI4I343 


OF-Et cB8-IMr-Ee GSLNIUd 


14.8 


bu, ] 


14.9 


\ te wow ta f-e Sw a ae | eek oo tha a v Oye uw 7 
c8-Y¥Pr-Bt 208 € Va d 9 * Y NI-GSNYHNG @ GaLS31l ‘2ZGeSiwl ‘JI V L£SC0-90E c 
Te-T9F-GT Ctr J VadddtdtIuH TSeSiWwZ ‘O01 ¥ TScO-SOE 9 
cB-YEC-BT 208 T Vad 9 eV NI-GANYyNd 4 G31lS3l ‘tSeSlv2 ‘OI ¥ TScO-90E c 
TSE-19C-GT Crt T YV9d4dtdtIuay pres itl ‘OI V vrcOo-SOE 9 
cBb-ver-Bt 208 T Vad 9 # VY NI-G4ANUNEA 4 G31S3AL ‘vreS bz ‘OI Y¥ ?¢cO-90E S 
TSE-I9F-GT St c V3adddtditIiu 6EIS WL ‘OI ¥ 6€ FO-SOE 9 
cB8-uer-st 208 C Va d 90 # VY NI-GSNYNdG @ G3a1S31 ‘S6ETISIbZ ‘OI V 6€10-90E c 
T8-TOF-GT Crt T Vad Gd td tIuy vLZIS WZ ‘DI V vLTO-SOE 9 
cB-ver-Bt 208 t Va d0 * ¥ NI-GANYUNE @ d3a1iS3l ‘vzISWl ‘DI YV ¥LTO-90E S 
TE-I9C-GT Crh v YVAadaddtdtIuy I9tISiwl ‘OI ¥ 19T0-SOE 9 
cB8-uUer-8Tt 208 v Vad) * VY NI-GSNUNG % GalSal ‘T9ISTbZ ‘D1 Y¥ T9TO-90E S 
TB-INC-GT Shh t YV3d8addtdtIuy 4StSiwL ‘OI Vv LSTO-SOE 9 
c8-ver-st 208 T Va d0 * VY NI-GANYNad % G3LS3L ‘ZSIS WL ‘DI ¥ L£S10-90€ G 
TS-TAC-GT Cty T YW3dddtdtIu esisivZ ‘OI Vv €ST0-SOE 9 
cB-Uer-SBT £408 T Vad) Vv NI-GQANYNG B G3aLiS3SL ‘ESISWL ‘DI VY ESTO-90E S 
T8-T9-GT Sty t YV3d4dtdtIuy 9EIS Wl ‘OI V 9ETO-SOE 9 
cB-Uer-sTt 208 t V3 d 9 * VY NI-GSNYUNG 2 G3SLS3L ‘9eTSWwZ ‘DI Vv 9¢TO0-90E S 
TE-TINMC-GT Chy Cc VAdaqdtditiuy BEISItZ ‘OI Vv BE TO-GOE 9 
cs8-uer-st £408 € V3d0 * V NI-GSNyNd 8 G3LlS31 ‘BETIS TZ ‘DI ¥ BE TO-90E S 
TO-TAC-GT ett J V3dadtditiay 98S 1vZ ‘DI ¥ 9800-SO0E 9 
cB-Y¥er-Bt 208 t Vado * Vv NI-G3NUNG 8% G3LS3S1 ‘VAS IwZ ‘D1 Y¥ 9800-906 S 
1TS8-I9F-ST by Z Vad @dtItditIu — pé4Slvl ‘Ol ¥ »L00-SOE 9 
cs-ver-Bt 208 c V3 d) * VY NI-GSNUNG % GalS3l ‘bZS eZ ‘OI ¥ ¥Z00-90E S 
TSB-T9C-GTt ey Cc YV3dadadtditiuy ToSieZ ‘OI V 1S00-SOE 9 
cB-uer-8t 208 c V3ad0 * Vv NI-GASNUNG % G3LlS31 ‘ISS Ww ‘OI ¥ 1TSO0-90E S 
TB-T9F-GT . Cb T VadadtdtIuy cesitvZ ‘OI Vv clO00-SO0E 9 
ce-ver-BT 208 T Vad) * Vv NI-GANUNG % G3aLS3SL ‘CES WL ‘DI Y¥ CLE00-90E c 
Te-T9F-ST Sty Lf YV3dadtdtIua . tcSlvz ‘OI ¥ 1CO0-SOE 9 
ce-ver-st £08 I Vad) * V NI-GANUNG % G3LS31 ‘teSlvZ ‘OI V 1c00-90E S 
TE-T9C-GT Crt t V3adaddtdtIu OcSitwL ‘OI ¥ 0cO00-SOE 9 
cse-uer-gt 408 T V3 d 90 * V NI-GANUNG % G3aiS3L ‘OeSIwZ ‘DI V¥ 0€00-90£ S 
TB-T9F-GT E909 if Vad addtdtIuy OlTStL ‘OI V OTO0-ZL0E 9 
ce-uer-Bt £08 t Vado * VY NI-GSNUNEG @ GSLS3L ‘OTS#'Z ‘OI Y¥ 0TO00-BOE S 
T8-T9F-GT tt c Vad d@dtdtIiuy 80S 1vZ ‘OI V B000-SO0E 9 
c8-ver-Bt 208 c V3 d 0 * V NI-G3NUNEG % Ga1S31l BOS1v2 ‘DI ¥ 8000-90E S 
TE-TMCF-ST Cry T VAad@ddtdtiuy SOSsiltZ ‘OI Vv S000-SO0E 9 
cB-ver-st 208 T V3d0 * Vv NI-GSNUNE % G3alS3al ‘SOS1vZ ‘OI Vv S000-90E S 
TS-I9F-ST Shy T Vad@dtdtIuy voStvi ‘OI v vO00-S0E 9 
cB-ver-st 208 T Vado * Vv NI-GANUNEG % GALSSL ‘vOST1tZ ‘DI ¥ v000-90E S 
TB-19F-St by t vad a@dtdtIu 7 NZOS1PZ ‘OI V 2000-S0E 9 
ce-uer-st £08 t Vad 0 * V NI-GSNUNd % Gals3l ‘coSivZ ‘OI ¥ C000-90E S 
t8-t9F-GT Sey Cc V39d8Gdtdtiua NOOS 1tZ ‘OI ¥ 0000-SO0E ? 
cB-Uer-st 208 G V3 do * V NI-GANUNEG % GaLiS31l ‘OOS TwZ ‘OI ¥V 0000-90E S 
Te-T9r-ST chy i Vad GdtdtIiuy GcIisltZ ‘OI V SctO-SOE 9 
ce-uer-st 408 T Vado * V NI-GANYUNE % G31S3SL ‘GeEISieZ ‘OI ¥ Scto-90E S 
TE-TOF-GT Che t Vad 4@4dtdtiuy | | . TISWZ ‘OI V 1F00-SOE ? 
ce-“uer-et 408 T V3 do * VY NI-GANUNEG % GalSal ‘TISWtZ ‘OI Y T300-90E S 
c8-uUer-BT Tt? S V3ad0dtId du WHO Zt 'AVYHYNY ‘“S3UY a COTO-CTT S 
ce-uer-Et E26 0 van * * @ WVY AS/EVY Gd 91907 NW 'OILYWSHOS Vv Z£v00-0S0 S 

N/S 3LVd N/S 3LVd SHO u3d ALO WN 1GAdA Oo da u YSEWAN LUVd VW3A37 
38019 LYVLS NO aq3qN31X3 dvSi1S ud NOILdI¥OS30 1uvd 3 LN3SNOdWOD 
c8-T"F-80 -3a1LVd N -3q009 NV 1d Vv :oayv * -3dAL ¥Y :3q09 394s @ -ou3a . 
t “ALD ATEW3SSsy 9TTVY -NO3 -3q00 dOud Va -wn IIT A'dd¥ WIGS ‘94 “LOVNI 9S1T8-O19 :LYUVd LN3YVd 


TVIYUARSZLVW JO STT1I 4 GQSZALANSAANI WW -3LV0 ALIAI190394453 


9 a9Vd 62-4CW-Se NOISHSA Wd SWAISAS YSINdDWOD “WNOSYSd = cE-Et B-1IMT-E2 A3BLNIUd 


Geek b ol Crusd bm 


u 


iwa an oe en © ee ee eee cael 


18-69v-O1 ott Iu qd OoL ¥ LIG-8 ‘HD-9 B0L6 ‘DI 


1 dddtd ) B0L6-SSE 9 
ze-uer—Bt TE I vad #¥ NI NYG % G31S3L 118-8 H9-9 8026 DI ¥ B0L6—9SE S 
18-5nyv-oOt bt I wad dtd Iu MSAING 3NIT avn Bert ‘OI O 8B t—4Se 9 
ce-ver—set Tee T V3 d 0 * ¥ NI-NYGSiSL YAAIYNC ANID Gyno setrt oI ¥ est t—O9E S 
18-19—O2 £909 0) vad 4d 4d x3 6S2v2 ‘D1 ¥ &SZ0-10€ 9 
18-T9r—02 €909 € vadaddid Iu vEES ‘OI ¥ yEES—10E 9 
eB-uer—st zos € Wadd #*#¥ NI-GSNUNG % G31iS3L ‘vEES ‘OI a vEES-Z20E S 
18-6N¥-OT Soh E wadoOdtdIu YAWIL Twnd 96S ‘D1 0 9550-426 9 
aB-uer—Bt TES E vad 2 *¥V NI-NUNGLS31 YSWIL TwNd 9SS D1 ¥ 9550-06 ¢ 
18-6AV-OF bhp t Wadd@dtdIu FLVLS-IUL 118-8 AvOEB ‘DI O vOES-STE 9 
ze-uer—st TES t Vado #4 NI NU@@iSL “1S-IML 118-8 avOEB OI ¥ vOES-91E S 
18-6n¥-Te = 9EZ 1 Wad #d ‘3738 ‘dvdy 4/1 ‘WWOD ‘ONASV WISS9 ‘DI ¥ Z000-LEE 9 
2e-uer—st 228 1 Vad) #*¥ NI NYd % ISL VISS9 INI WWOD NASY ¥ Z000-8EE - 
18-SAv-TE bb z WaddadtdW ualdvay 4/1 SWLVSURA ZzS9 ‘OI OW B2S9-LEE 9 
ze-uer—Bt 6228 Z wad9 #*¥Y NI-NUNAFLS3L Yaidvay 4/I zZzs9 OI v Z2S9-BEE = 
ta-6ny—o1 ZES T Wad 2d dW 1008 ‘WOU Tt TE00-THE 9 
ca-uer—et =TES T wad +*¥ NI-NUNG HLIM LOO@ WON OI WH TE00-2¢E . 
ta-Sny-oOf bbb I wad 2dtdW WOUHONAS ‘WOU O O£00-TrE 9 
ze-uer—et TES I vad #*#¥ NI-NUNG HLIM WOYHINAS WON OI YW O£00-zre g 
18-Sny-O1 dvr I wad Idtd Iu USIAITdNY Y3MOd OLaNv OBEWT ‘DI 0 OBE0-ESE 9 
za-uer—st TES T vad2 * NI NU@ % 181 dWv UMd O1dNy OBEWT OI ¥ OBE0-#SE S 
18-Sny—Te as T Wad dtd Iu IHWE 2069 YOSSSDONdOYIIW/II 02 Z0S9-89E 9 
cB-uer—BT S40V I Wadd #¥ NI-NuNG@#1S3L ZHWE dzOS9 OUDIN JI 4 ZOS9-69E ¢ 
18-19r-ST E909 t wa,d@dtdIu 991vL ‘D1 4 9910-T0E 9 
ze-uer—et £08 ! vad *#V NI-G3NUNG ¥ G31S3L ‘99TPL ‘OI ¥ 9910-Z0E - 
18-5ny-OT Sh I wad 9dtd ~ “JOULNOD OSGIA ‘WOH O ZE00-Tbe ) 
ze-uer—Bt = TE8 T wad #v¥ NI NYG % ISL TOYLNOD O30IA D1 ¥ ZE00-ZreE S 
18-19F-St E909 t wad adtdIu LSzSvZ ‘91 £SZ0-LOE 9 
za-uer—st 208 y vad #¥ NI-GaNund % d31S3L '2SzS¢Z ‘DI ¥ £S20-80€ ¢ 
TA-IM9F-St £909 1 wadadtdIu QOSES YO S6TSbZ ‘OI ¥ S410-L0E 9 
za-uer—gt 08 t vad *#¥ NI-G3NUNE % G3ISSL ‘S6TSHZL ‘DI ¥ S410-B80E . 
18-19"F-¢T £909 1 Wada@dtdIy cs 74 $-; 74mnre) a, SL10-Z0E 9 
za-uer—st = L408 T wad «#¥ NI-GANUNG % G31S31 ‘SLTSe2 ‘01 ¥ SZ10-80E - 
18-19F-ST £909 v vadadtd Iu ESTStZ ‘DI ¥ ESTO-LOE - ) 
ze-uer—8t 408 v Wadd #¥ NI-GSNUNE % GSLSAL 'ESTSbZ ‘DI ¥ ESTO-80E g 
18-19F-St E909 1 Wad @dtdIu ISTSbZ ‘OI ¥ TSTO-L0E 9 
za-uer—et 208 I wad #*¥ NI-GSNUNE % G3ISSL ‘ISTS¥Z ‘OI ¥ 1S10-80E S 
18-19F—ST £909 a VWada@dtd Iu mem BSeL OI 7800-ZL0E 9 
za-uer—et 208 . z vad #*¥ NI-GANUNG % G31SSL ‘9BS~r2 ‘91 ¥ 9800-B0E = 
1a-19r-St E909 E vad @dtd Iu v2SvZ ‘91 ’ L00—ZL0E 9 
ze-uer—st 208 E Wad) #¥ “"" TNI-G3NUNE 2 G3LSIL ‘’Z4SeZ ‘OT ¥  L00-80E . 
18-I9F-St abP Z Wadaddtd Iu 66ES1b2 ‘OI ¥ &660-S0E 9 
28-uer—Bt 208 Z vad) #*¥ NI-GANUNG % G3LS3L ‘46ESTvZ ‘91 V &460-90E - 
T8-INC-ST aby 9 Wad ddd Iu 7 —— : PlESWL ‘DI ¥ bLE0-SOE 9 
zB-uer—Bt 6208 9 vad #¥ NI-GaNUNG ¥% G31S3L ‘PZESTwZ ‘91 ¥ vLE0-90€ = 
TB-INF-St ebb T vwadddtd Iu EZES WL ‘D1 ¥ EZEO-SOE 9 
e8-uer—Bt «6208 T wad) #¥ NI-GANUNG FUZISAL ‘EZESIL ‘OT Vv EZE0-90€ ¢ 
18-I9F-ST Zhe T wad a@dtd Iu E82SvZ ‘DI ¥ EBZ0-SOE 9 
ze-uer—st 208 1 wad #*¥ NI-G3NUNE ¥ G31S3L ‘ESZSIvZ ‘OI ¥ EBZ0-90E S 

N/S 3Lva N/S 3ivad OHD Yad ALD WN 1G d AO GD u UBEWAN LYWd 73037 
3s079 1uV1S NOS dgdNaLXx3 dVS21S8 ud |  ___. __NOILdIYISIG LYvd 3 AN3NOdWO9 
28-19-80 :3Lvd) NM :3d00 NVId = = ¥ ‘Oa¥ * '3dAL VY :3009 39uYS = @ :94N3 . 
T ‘ALO ATGWSSSY = 9TTY (NDS "3009 dO¥d = v3 ‘Wn III 3iddV W9SZ ‘O4 “LOWNI 9518-019 :LuWd LN3YWd 
Tv1Tu¥aLvwW 3O SIT 4 GQA3LNAGNI TW :3ivd ALIAIL93443 


L 39Vd 62-4PW-6e NOISHSA WE SWSLSAS YSLNdWOD TIWNOSHSd cCO-ET c8-INf-Ee ASLNI Ud 


14.10 


N/S 


= 


3ivd 
S3SOT) 


“ALO AVEWASSY 


N/S 


cb-ver-gl 
2e-uer-gpt 
2B-uer_-gt 
ze-uer_g] 
eB-uer_-gt 
ce-uer_-gt 
ce-uer_gyt 
ce-uer_gt 
ce-uer_-g} 
2g-uer_gy 
ce-uer_eyt 
Ze-uer_gyt 
eg-uer-gy 
ce-uer-gl 
2e-uer—gt 
Ze-uer-gy 
ce-uer-—g] 
ce-uer—gt 
cea-uer-g} 
ce-uer-gy} 
Za-uer-gyt 
2e-uer-gt 
2B-uer-gy 
ce-uer-gt 
ca-uer-—gyt 
cea-uer-Bt 
28-uer-g] 
ce-uer-et 
Ze-uer-gl 
2e-uer—-B] 
ce-uer_-gyt 
ce-uer-gt 
ce-uer-g] 
2e-uer_-gI 
ce-uer_—-gI 
ee-uer-g} 
TA-1NF-GI 
cs-uer-gt 
1e-6ny-TE 
7B-uUer-Et 


18-S5ny-oO} 
ce-uer-98I 
ce-uer-et 
2g-uUes-BT 
26-uer-G] 
ce-uer-gt 
ce-uer-ey 
ta-B5ay-oT 


3ivd 


LuVvLisS 


1E8 
bbl 
bbL 
bbL 
bbL 
bbL 
66L 
bbL 
€s9a 
L9¢ 
tvod 
eas 
Ezs 
L9¢ 
L9¢ 
vBL 
S2Z 
L9¢ 
TEL 
ZEG 
92% 
92 
92 
92v 
bby 
920 
9209 
92¢ 
92¢ 
92 
92 
L8r 
92 
92 
92 
£0S 
Zee 
£08 
éby 
418 


vSt 
Tee 
62 
cer 
€cé6 
9 
9209 
=) A 


OH 
Nog 


ce-Tt9r-8s0 -3aLVd 
9TTIY -NO3 


S39Vd 64-4PW-62 NOISUSA TIE 


< 
b 


tam) 
wet at Aaaaaaaaaeaaaagcaankaacaackackacaaankaadkaaaaacaankaaaaadcandc=™. 


qd<<c<¢c¢dcdd< 
Las Las Led ld Led ad a 


mm 


v3 


SV Femmes VAAN an NOV NOH HAAN AK NHMN an HMaHNnNNw ae wAAN eH At eODWCO eG gd wo - 
< 
uJ 


Yad ALO 
GQ30N31X3 


NM 3009 NV71d 
:3009 Goud 


8 ee ee 


V9d 


WI038dS ‘Sau Z dIS 


wero Ee Kew Bet BR et et et et ot et ot et et ot et ot ot wt ot et et et et ot et et et et et Ht wt wet et ot et ot ot wt Ke 


— ee 


‘fa QoVvV FOMOOMOVCGALOVVOVOUVUIOVIOVVOVVVOUGOVOVOUOOCOMOUUUUUOO0O ”U i 
Oa aaa aa aa «a aawaadaagdaadktaaaaagaaaaaan aaaaa Oaaqgaaaaadadada 
Mo aaaonandkddtadtcadagagcaaaadaadcananhaackadkaaakaaakankaaoaanaankaadgnonanaaonkana cd: 
o. 
Oc 


> 


Te ew ee ee ee ee 


-Jav * ‘3dAL Y -3000 30us 


Va WN 


NI-Ganund % a3isai 
vitZ WY DILVLS & X vZOT 
NI NdG 7% 151 WY OTLVIS & X wZOT OI 


a ns 


NI-NYNG HLIM 1 G9 


T¥VITY¥YSLVW JO BrIATIG QZSLNIAGNI 
SWALSAS MSLNdNOD “IWNOSHSd 


1y THW O€9BIE ‘tt 


WHO WIT 4S Mbs/T 
ev c# da 91007 NIV 


nn Samra | 


‘OI 


dSvd ‘WOUd 
du NId Ob OI ‘1390S 
du NId 82 91 ‘Lawo0s 
du NId ~2@ 91 ‘LaW00S 
du NId 02 91 ‘LaW20S 
du NId @1 91 ‘LaWo0S 
du NId 91 91 ‘L3W90S 
du Nid #T OF ‘13¥90S 
du aay ‘a37 
aye a NId S@ ‘YO193NNO9 
Wwidvy HNOT ‘109 

ou SYV3 OLW/M Y30V3SH NId 92 ‘NNOD 
Ou SUVS OLN O/M Y30V3SH NId 92 ‘NNOD 
ou NId S@ YSdV3H = ‘YyOLISNNOD 
du SNOHd ‘Yowr 
du ST-EEE LIN (NOW) ONY LY ONOHd ‘WOVr 
ay") AINNOW Dd STONY LY G NId ST ‘NNOD 
Ou a Nid 6 ‘YOLOSNNOD 
du | BYTeNT ‘3q0I1G 
du NId @ U30V3H LHOIVYLS ‘NNOD 
du WHO ¥Z~ %S Mb/t Say 
du WHO WOLt %S M¥/T Sau 
du WHO Lb %S Mb/t Sau 
du WHO WE %& Mb/T Sau 
Iu TH 894 ZE WHOS ONINNL ‘WLSAYND 
du WHO 98SW EE %~S Mv/t Say 
GSZeNZ MS ‘dS HOIH dNd ‘YOLSISNVUL 

du AOS OdN %S sd0z ‘dvd 


‘WHO O3W 2°2 %S Mt/T Say 


aos 49t ‘dy 
WHO WI %S Mb/T Sau 
‘WISAYD 

A9T 4NOT ‘dvd 

WHO WOOT %S Mb/t Say 
‘Say 

"dd 

EEISTWL ‘OI 

‘ELIS THL ‘DI 

‘OI 


TLeSv_Z ‘WOUd 


‘SNIHOVW SLVLS | 
NI-NUNG/M W9d ‘HOW ALVIS ‘WOUd 91 
YOT HAZE 

AOS ASA/NSZ %0Z-08+ JT * ‘dyD 
‘AVUNV YOLSIS3Y 
NId 8 S3u Z YSLYSANOD ¥/d AVUuY Say 
VOOENZ ‘div? MS NdN ‘YOLSISNVUYL 

Tu Y3SAI3I3N ANI 660} 


WOUd ‘OI 


‘SYOHD 


‘OI 


94u3 


= 


we o¢c<odcdmadte dc codcCc€odtccomdtodtcodc Coc dd d€atcocC€ooc C COMovo V0 v0 vVvv <- 


9600-2vE 
TOOb—T1S 
1082-11 
TOve-TIS 
T002-11¢ 
TOBI-TIS 
TO9T—TIS 
TOvI—-TIG 
1000-82E 
8100-415 
ZOIG—SSTI 
£t00-61S 
9100-41 
100-61S 
Z000-SIS 
1000-1 
BE00—416 
TT00—416 
Byly—1Ze 
£S00-SIS 
ELyb—10t 
vLyy—tOr 
OLvy—T0l 
ZOEv—I0T 
p000-Z6t 
SEEY-TOT 
8SEr—ZLE 
TOPS—TET 
S2Zy—-101 
ZOly—921 
ZOTY—TOT 
1000-241 
ZOIS—92t 
vOTt—TOT 
Ztty—TOT 
€v00-028 
EETO-SOE 
EET0-90E 
vIle—-veEe 
S000-vEE 
1Zb0—-SEE 
8Z00-Tte 
8Z200-2ve 
TOSS—IST 
TOVS—SET 
SZ00-T1t 
E000-114 
vOSE—Z22E 
68% 1—6SE 


YSEHNN Luvd 
AN3NOdWO2 


0 


1 in ONONKON MO KO ONO NNO NO NM NO NNO HN KH MH HN KH Nn NHN HOMO NNO NNN NnNONnYN 


NS 
0 


Wn nnM mM 


9STB-O19 :1UVd INSU 


TW ‘3LV0 ALIATILIASS 


Ce -Et 


e8-1t9f-E€e AG3BLNI ud 


14.11 


14,12 


ee oe a Se OU | eS $ fj Go. wv Quad Lh tee CO ta at, beets Qik - ’ a en bP) 
c8-ver-gt 9CvV > Va do0dtd du WHO WE X GS AVYNY S3Y O 5&TOO-TTT SG 
es-uer-gt Str I YWad9d0dtddY¥ 40'v/8'€ YBNWWIUL DIWVYSD YUVA ‘dvd OW ZO00-8E} cS 
ee-uer-gt Ef ra Wa d2dtTd du AG@ dSA %4OZ ANZZO° ‘dvd a TOve-EET cS 
ee-uer-gt 9ePr I Va d2dtd du WHO O3W 2'1 %S Mb/T SBM V SZtv-TOT S 
2e-uer-Bl Str J YVad2dtd du AOOT “OF 4NTO” ‘dvd WW TOTz—-6TI S 
28-uer-Bi 92 I Wad 2D dtd dy WHO O81 %S Mb/T ‘Say v 1Alb-ToO! S 
ea-uer-st 9er € V3 d92dt1Id dy AOS 43SZ %~02@ 34001 ‘dvd O TO19-2E1 S 
ce-uer-gt 6624 I W2d9dtd du NId 8 OI ‘LEWIOS 9 TOBO-TIS S 
ce-uer-gt Cey I V3d22dtd du AIT 3NZe ‘dvd Y¥ TOvsS-SZI S 
2e-uer-si 92Pr € Wad9dtd du WHO OZtb %S Mb/t Say ¥ IZyp-lTot cS 
ee-uer-gi 92h E Wad 92dtId du WHO OOF %S Mb/T ‘S3y ¥ 1OEr-TOT S 
ee-uer-et 9ev c YWAd0dtd du WHO WIT ~G Mb/Tt ‘S3Y ¥ GOTe-TOT S 
es-uer-gt 9cVv T V3 do0dt d du WHO Ove ~%~S Mb/Tt S3Y YV Tycv-Tor GS 
ee-uer-Bi 92h v Vad 2d td du WHO WST %S Mb/T Sau Y¥ ESTe—-TOT S 
ze-uer-gt 92h I WadIdtd dy WHO YZ ‘b %G Mb/t Sau v 2Lye-TOr ¢ 
Ze-uer-gi 92 Fo Va d9dtd du WHO WI X & AVYYY SAY O vtOO-ITt S 
2B-UEL-BI 92P Fa Wa dddtd du WHO OOT %S M¥/T S3Y Y TOTe-TOT c 
ee-uer-st 924 v Wad 92dtd du WHO E€€ %S Me/T Say YV O€Eb-TOT S 
2B-uUer-BI 92P Fa Wa dIdtd d¥ WHO WE'© X & AVHYV S3Y O LIOO-ITT S 
2B-uerl—-gl 92Y t W3d22dtd du WHO O€& X Z AVYYY S3Y O BlOO-TTT S 
2e-uer-gt éby I Wa d9dt-d du YSIUYVE AWLLOHOS ZIZSNI ‘30010 O SO000-SZE S 
T8-I9M-St fy I Wad ddtdIy¥ ZEISI#Z ‘OI V ZETO-SOE 9 
Ze-uer-gt 208 } Wadd +*«*¥ NI-G3SNUNG % G3LSSL ‘CEIST#Z ‘DI ¥ ZETO-90E S 
ce-uer-gt rt t v3 d92dtd Ou Y207 NOILIIYS NId OT ‘NNOD O ZEO0-416 S 
ze-ver-sl 92 z V3 d92dtd du WHO W8'9 %S Mb/T SY Y CB9r-TOT cS 
ee-uer-Bt 924 z Va d92dtd dy WHO YS ‘I %S Mb/T SAY ¥ 2STb-TOT c 
Ze-uer-gt 692P Ee Wa d92dtId du WHO SZ %S Me/t S3Y Y¥ OSLb-TOT Sc 
ce-uer-gt 9209 } Ya d2dtId du 906ENZ “dNV% MS dNd ‘HOLSISNVUL V 906E-2ZE S 
GB-UEF-B1 8 92r Y va d92dtd du AOS 4SZ “OT 3440z@ ‘dvd O TOv9-2E1 c 
ce-uer-g} abt 2 Va dd@dtd du %OF HOOT ‘3YOHD O TOIS-161 S 
ca-hew—pe E€0T9 Y Wau * # AVT jno@ ‘dvd ¥ 7009-921 S 
2g-uer-gl 924% T Y3d2dtId du AOS OdN %OT S40T ‘dvd O TOTG-TET c 
T8-1T97-SGTt Sry I Wad a@dtdtIu . o9eSiwZ ‘OI V 09Z20-S0E 9 
ee-uer-gt 208. 1 Wadd #¥y NI-GSNYNG % G31SSL ‘O9EZS1wWZ ‘DI V 0920-906 S 
ce-uer-gt 228 I Wad2 *#*d SNId OF STONY LHOIY ‘'Y30V3H Y¥ E0TO-SIS S 
2B-uer-Et O92 Va d92dt dd (Sa¥l ON) NId 06/G2 3903 ‘YOLISNNOD a ZOOS-ETS S 
08-2°20-2Ze vUuvS I WadddtdiW GSWWYYDONdNN & X PZOT ‘WOYd O €000-SEE Z 
18-6ny-O1F E06 t VadIdtyviw “ " 69-GZIN WOUNd ‘OI ¥ 6S00-TvE 9 
ee-uer-gt Tee! t Wado +*«*v¥ NI-NUNdA HLIM S9—GZIN ‘WOUd ‘OI YW SS00-2ve Sc 
vuvS t Va d@dtd WwW GSWNYYD9OUdNN & X #HZOT ‘WOUd O €000-SEE Z 
TB-S5ny-O1 Sbh I Vada@@dtvW OBIN & X #2ZOT ‘WOUd O 9v00-IvE 9 
cB-uer-st TFB t wad? #«#v¥v NI-NUNG@ HLIM OBIN ‘WOYd ‘DI ¥ 9700-2 S 
VuvS T Va d@dtd WwW GQSWWVYOSONdNN & X ZOE ‘WOUd O €000-SEE L 
TB-5ny-O1 bY T Wadddtviw Z9LIN & X veOT ‘WOUd O Gv00-T te 9 
ze-uer-gt Tes I wad) #*«#*v¥v NI-NYNG HLIM 2 '9LIN‘WONd ‘OI V Gv00-2te c 
vuvs t Vad@dtdiWw GSWWVHSOUMNN & X PZOT ‘WOUd O €000-SEE Z 
T8-6Ny-O1 bth T Wadddtvw “pin v X v2Z0T ‘WOUd O Cv00-Ire 9 
ee-uer-gt Tee t Wadd #«#¥ NI-NUNG HLIM #ZIN WOUd JI Y¥ €v00-2re cS 
08-320-2Z2@ vuvSs t W3dGdtdW G3SWWVY9OUdNN & X PaOT ‘WOUd O £000-SEE ZL 
N/S 314G N/S 3ivqd = OHO 45d ALO WYN 1G d ADD uy YSEWAN LYvd 7337 
35019 LYVLS NOS Ga0N3g1LXx3 dvVS1S8S Ud = NOI1dIY9S3d Luvd 3 INJNOdWO)D 
Z8-19fF-80 :3Lvad N :3009 NV1d v ‘av *# (‘3dAL v :3009 39uS = 4 :ouNg | 
I “ALO AVEWASSY 9Q9TTY °NO3 "3009 dO¥’dd v3 :WN III 3 ddv¥ WIGS ‘OF “LOVNI 9618-019 :LYWd IN3YVd 


TV I YUSBLVW SO FSEVI1I84 QALNIAGNI HW ‘saLlVd ALIAILI3S4I3 


en ce 


& 30Vd 62-4eW-6e NOISHSA IE SW3SLSAS YSLNdWOD “IWNOSYSd = bE -ET c8-I"f-Ee G3ALNI Yd 


dO ee Se 


thee 


« 
L 


” 4! ead ut aae Oras J a 


0 OR > ho 


Ww 


EB-ueEr—-1z O8-¥NF-GO Ter J Vad 6d tN SM €¥ 13S 3LSIdWOD ‘SdvoAaN ‘ASSVANS O L610-019 
ca-uer- tz ese b9 Wad Idtd dy 1E-1G90 HOLIMS O 7000-S0Z 9 
2B-uer-t2 vuyS y Wad I dtd du (WHYS) NOILOV WWAd 1S90 ‘HOLIMS Z100-S0Z 9 
28-uer—T2 vUuyS I W39d 9d td dy (YUVS) NOILOV L1¥ 1690 ‘HOLIMS T100-SOZ 9 
ZB-uer-1Z ety I Wad 0dtId dy YSqV3SH Nid 92 ‘NNOD O pI00-SIS 9 
2e-uer—1zZ OStd 1 vad dtd dy NOLING HSNd GSLYNLIY GNS‘HOLIMS ¥ 6000-S0Z 9 
ea-uer-f2 26 I Vad Idd x3 10-9Z81-2O dWVv1 0 1000-014 9 
ze-uer-zZ vuvS I Vad WV dtd dy (VS) GYVOEAaW ‘ddd SZ00-028 9 
28-uer-l2 Bv6 1 ‘Wad ¥ dT ¥ NN EV ay ‘ASINN ‘80d ‘ASSY ‘SAT LOWNI EOTO-019 S 
Za-uer—12Z2 O8-"UNr-GO Bb T vad Vd I ¥ XA EV GYVOEASM LS1 ‘80d ‘ASSV ‘SAILOWNI O EOTe-O19 y 
2B-uer-oz ZB-uer-Bt Bb I Vad Vd It ¥ SM IIT 31dd¥ GYVOGAaY ‘ASSYANS ‘SAILOWNI 9 EOTS-O19 € 
Z8-uer-B8t E64 I wad «xX EV 1LO7S ONINYWM ‘"T34a¥7 ¥ 21e0-Sza E 
ZB-uUer-BT 4G +! W3d9dZX X3_ € 31dd¥ AONVITdWOD NON 994 ‘138v7 ¥ £020-S28 € 
Z8-uer-Bt 199 z Wadd 2X x3 n€Z° “OS 'UadWNa Vv 9000-$98 € 
ZB-UeP-BT SNON 0 vandg «4a ATEW3SSY SIH1 G3SN LON ¥ 1000-000 € 
ZB-uer-Bt Shy 1 Vad 9d xX x3 31Wavd LY14d ‘3dAL-2 ‘dWVID O 8100-068 E 
@B-4dy-92 ZB-Uer-Bt 199 T Wad £xX x3 HOIH «2° SYBHdSIWSH ‘YadWNE v 4000-598 E 
TB-AON-£0 6&6 9 Vad 2d X X32 O71 .002° GHL G18 9 OXxS EW JSOGNWIS ¥ 8100-098 y 
Za-1dy-92 ZB-UEF-BT 226 1 Wadd -#d Ev Z GUYVOE NIVW‘YSAOD WOLLOG a 6600-S08 E 
28-4 dy-92 ZB-Uer-Bt ot 1 Wadv #«¥ EV W9SZ AMOWSW AS ‘ISL ‘ddd ‘ASS ¥ 9S2%-019 E 
2e-hew-ez ZB-uUel-Bt 92r y vad 9dtd du A9T 4NOZe ‘dvd O ZOv9-9et S 
Za-t9-92 ZET9 z Va*e #8 # YOLIZLOYd LOVLNOD ¥ S000-S28 S 
Za-4dy-92 yZ0¥ 1 Vad* #d AVIS-ILNV @IXZ1 ATOd ‘Ova ¥ Lb10-2b6 S 
ZB-UPC-Bt E24 I VAN ad NOILVZIWWINaS €dd ‘Wav ¥ E£70-SZB S 
18-5ny-~2 S99 1 vad ta 9SZaSv) ‘WONd/II ¥ E900-1vE 9 
ze-uer-Bt 298 1 Wadd #*Y NI-NUN@ HLIM 9GZ28SV) WOUd “OI ¥ £900-2vE S 
t8-Sny-yz 699 t wad td WwW S9SVY ‘WONd/OI ¥ 1900-TvE \ 9 
ze-uer-Bt 298 t Wadd #¥ NI-NUNG HLIM G9SVY WONd “9°1 ¥ 1900-2¢E S 
zB-UeC-Bt 2809 9 Wad #d AOS ZYX ZOT ANT ‘dvd OW TOTE-9E1 c 
TB-19F-GI by 1 Wada@dtdiu vISiv2 ‘Or ¥ ¥ 100-S0E 9 
ze-uer-gt £08 1 vad od #¥ NI-G3NUNE % G31G3L ‘vISTyZ ‘DI ¥ ¥ 100-90E S 
ZB-uUer-Bt BLL 8 vad #X SZt° D1LSW1d ‘LSAIY ¥ 001T0-1E8 S 
Z8-Uer-Bl 9Zy T vad 2dtddu dé ‘YB WI1I3adS AvuUY ‘Say O 9000-11 S 
Ze-uer-8t 92h. t Vad 9d Tt d du WHO WE ‘’ %S Mb/T Sau ¥ ZEvy-10T S 
ze-uer-gt £06 v td d Od 2X XB GI70S N33Y9 YVNAY v2# ‘BYIM ¥ SOvz2-295 S 
Ze-uer-g1 £06 Z vad 2dt d du dN@° BAILIOVdVD ‘Uva Sna@ a 7000-062 S 
ZB-uer-B1 92y y Wad dtd du SWHO OZI %S Mb/T SAY ¥ TZTb-TOT S 
ZB-URF-BT 92h € vad Idt d du WHO 22 %S Mb/t Sau Y OL2v-101 S 
ZB-URl-BT 92p' Z vad Idtddu WHO WOT %S M¥/T SAY V EOTe-1OT S 
zB-uer-Bt 690 T Wad 9dt d du AOOT %OT 39Z~O° ‘dvd ¥ 1OLZ-41t S 
e8-uer-et TTT I vad 2dt d du ISN-SdW ‘YOLSISNVYL ¥ 1000-92E g 
za-uer-gt 609 t Va d 9d 1 d du NIdOT/SSYG/WHO 89 WYMLN ‘AIGNI‘'S3Y 4 1000-211 S 
Za-uer-Bt 92y t Vad 2d tT d du AOS OLN %S 44Z¥ ‘dvd O TOLS-TET S 
ce-uer-Bt 9Zy E Vad 9dt d du SWHO WT X 2 AVYUY S3Y O TOO0-TIT S 
18-des-t2 £89 T Wad 2dt dW YSGOINS GYVOEAaW ‘WOU 4 SE00-1¥E 9 
ze-uer-gt 6988 t vad #¥ 161 % NI-NUA EV “ON3 GSAy WOU OI YW SE00-2re S 
18-T9F-ST £909 t WadddSd Iu 31LVO GNYN GVNO OOStZ ‘91 ¥ 0000-Z0E 9 
z8-uer-gt £08 T Wadd #¥ NI-G3NUNG # G31S3L ‘OOStZ ‘OI ¥ 0000-80E S 
18-197-ST £909 t Vada@dtdiu PLESrZ ‘D1 ¥ pZE0-Z0E 9 
N/S a1¥vd N/S 3ivd OHD UYad ALO OWN 1a dA 909 u USEWON LYvd qan31 
35079 Luvs NO3 GS0N3SLx3 dVS1S Ud NOIidI49S30 Luvd 3 AN3NOdWO9 
28-19-80 ‘3ivd) ff ‘3009 NVId = = Vv ‘24 * <3dAL Y :3000 39uS 4 :94N3 | 
t ‘ALO ANGWASSY = =9TTV [NDA :3009 dOud =va :WN III 3ddv W9SS ‘O04 “LOWNI 9SIB-O19 :LUWd LNaYVd 


TV ITYUYUALVW SO STTIG ASLNIANI TW -3LV0 ALIAILI3I5I543 


re ee ee 


Ot S30Vd 62-4PW-6c NOISHAA TI 
IN 


SWALSAS 43LNdWOD WNOSYad vE ‘El ¢ca-19r-E2 AZINIYUd 


14.13 


14.14 


i ae | i ee ! ae ee + abo we iu oe J boa, gy AA eu tis“ ba a 
O8-UNF-GO ITtY i V3ad # 1 d WY c ‘E 3ldd¥ ‘dV¥O AZ O FETO-SI8 S 
OB-UNF-GO Tr T Vad + tT d WY T ‘E& Alddv¥ ‘dVO AZY O SETO-SI8 c 
OB-UNF-CO Tr T Vad * 1 d WY NUNLSY ‘E Aldd¥Y ‘dVD AAW O vETO-ST8 S 
O8-UNL-GO Trt t Vad * tT d WHY so Zu ‘E BIdd¥ ‘d¥O ABV O EETO-STE S 
osB-UNC-CO Tr T Vad *# tT d Wy ff > '€ Aldd¥v ‘dVO AZY O cE10-SI8 G 
O8-UNF-GO TY T Vad *# tT d WY 1 ‘€ BDiddv ‘dvVO AJAY O TETO-GT8 G 
O8-UNF-GO Tt T Vad * tT d WHY (YOSNSS M) W ‘E AlddV ‘dVO AY O OETO-SI8 6 
OB-UNC-GO Trt T Va d * 1 d WHY er ‘€ Widdv ‘dVD AZY O 6cto-Si8 c 
OB-UNF-GO Trt T V3 d * t d WY H ‘€ Didd¥V ‘dVO AZY O 8cto-scts 6 
OB8-UNF-GO TY T Va d *# tT d WY 9 ‘€ 31idd¥ ‘d¥D AZY O LZeEto-St8 S 
O8-UNC-GO Tr? T V3 d * td X43 4d ‘EE AiddV ‘d¥Dd ASV O 9cTO-ST8 G 
O8-UNCF-GO Tr t Vad * tT d WY (YOSNSS M) GG ‘E S1ddV¥ ‘dvd A3ZY¥ O ScTO-ST8 ¢ 
OB-Y¥YNF-GO Trt T Vad * tT d WHY 8S ‘E€ AlddV¥V ‘dV¥D AZY O vctO-STtB S 
os-uNrF-SO Tht T V3 d * 1 d WY VY ‘E€ Diddv ‘dVD AZYW O EctO-St8 ¢ 
O8-UNF-GO Tht T Vad # t d Wa JOYLNOD ‘€ AlddV ‘dV¥O AaY O E€cto-sSte S 
0O8-UNF-GO Trt T V3d * t d WHY 9 ‘E AiddvV ‘dVD Alay O TETO-SI8 S 
OB-UNLF-GO Trt T V3 d * t d WY (YOSNSS/M) GS 'E BIdd¥ ‘d¥d ASV O OcTO-StIB S 
O8-¥UNF-GO Tt T Va d * 1 d WY vy ‘& AlddV ‘d¥VD AZ O 64T0-ST8 S 
OB8-UNCF-GO Trt T Vad * 1 d WY Fw 'E Aidd¥Y ‘d¥D ABV O BtTtO-STts G 
os-UNT-GO Itt T VA d * tT d WY C7 { 'E Atdd¥V ‘dvd A3BY¥ O ZTt0-ST18 G 
os-uNnr-GQ_ Trt t Va d * tT d WY 1/7)? ‘ES 1ddv ‘d¥D ABV O 7TTO-ST8 S 
O8-UNF-GO THY T Vad * t d WY d ‘& Aldd¥Y ‘dVD Aav O STttTO-Sts S 
OosB-"UNF-GO Tt T Vad * 1 d WH ~  O '€ BWdd¥ ‘dvd ASW O vyito-Ste S 
OB8-UNF-GO Trt T Vad * 1 d WY ‘] ‘&€ Biddv ‘dvd AZ O ETtTTO-GT8 S 
OB-UNL-GO Trt T V3 d * tT d Wu nA ‘E AiddV ‘dVD AZV O ctto-ct8 9 
OB-UNF-GO Trt T Vad * 1 d WY ~ A FE Didd¥V ‘dvd AaW O TTTO-ST6 Ls 
O8-UNC-GO_ Trt t V3 d * t d WH 4 ‘E Wtdd¥V ‘dVO AZyY O OFTO-ST8 S 
O8-UNC-GO Tt T Va d * 1 d WY Yu Te Aidd¥ ‘d¥)2 AIH O 6010-ST8 S 
os-uNC-GO Tt? t V3d * tT d WY "23 '€& Bdd¥V ‘dvd ABW O 80TO-ST8 G 
O08-UNC-GO Trt T Vad *# t d WY M ‘& AlddV ‘dV¥2 ASN O LOTO-SI8 S 
O8-UNL-GO Tt T Vad * tT d WY 0 'E AlddV ‘dV¥O AZY O 90T0-ST8 S 
O8-UNT-GO Trt mS V3 d *# 1 d WY @Vl '& Alddv ‘dVD2 Asa O SOTO-ST8 S 
OB-UNF-GO TrY 1 V3 d * tT d WY 6 ‘& 3iddV ‘dV¥2 ASN O voto-sti8s S 
0B8-4UNF-GO_ Thr T V3 d * tT d Wu 8 ‘EE 3iddV¥V ‘dVD AZ O EOTO-STB G 
OB-UNF-GO Trt T ~~ WAd * t d WH ~~ £ '& WIdd¥ ‘d¥d ABW O cOTO-ST8 S 
0OB-UNF-GO Trt T Va d * t d WY \ 7 +: ‘& B1dd¥ ‘d¥) AZ O TOTO-STB8 S 
OB8-UNF-GO TP t Vad * tT d Wu a / + ‘6 Aidd¥ ‘dVO AZ O OOTO-ST8 S 
O8-UNF-GO TY t V3 d * 1 d WY - J '& Widd¥ ‘dvd ABW O 6600-S18 S 
OB-Y¥UNCT-GO TRY t Vad * tT d WY O47 ( ‘& Aldd¥ ‘d¥VO AaY O 84600-ST8 S 
O8-UNL-GO_ TY t Vad * tT d WH 6 4/7) ‘€ WiddV ‘dVD AI O 4£600-S18 S 
08-UNLT-GO Trt | ~ Vad * 1 d WHY "BF * 'E Diddv¥ ‘d¥d AZ O 9600-S18 S 
OB8-UNL-GO Trt t Vad * t d Wu LA" ‘& Aldd¥ ‘d¥D Aa O G4600-ST8 S 
OB8-Y¥UNF-GO TP i Vad * t d WY 9s v ‘EC Diddv ‘dVO AZ O v600-ST8 S 
os-UNLT-GO Trt BS V3 d *# 1 d WY ~ & JK '& Didd¥ ‘dVO ABW O €400-ST8 § 
O8-UNC-GO Trt T Vad * tT d We v /$% ‘E& AlddV ‘dV¥D ASN O €400-ST8 S 
OB8-UNF-GO Tt T Vad * tT d Wa € 7/7 # ‘€ Aldd¥ ‘dVD AZ O 1T600-STB S 
O8-UNF-GO Tr T V3 d * Td WH CO @ 74 8 'E Siddv ‘dvd ABW O 04600-ST8 S 
OB-UNT-GO_ Trt t Vad * T d WH T/7 i ‘OC ADidd¥V ‘dV¥D ABW O 6800-S18 S 
OB-UNF-GO_ TP if Vad * 1 d WY 3dV0S3 ‘E A3iddV ‘dVO AZ O 8800-ST8 S 
N/S 31Lvd N/S 31Vd OH) Y¥3d ALO WN 1G@d AO dG) | YAEWNN LYuvd V3aA31 
38019 LYuvils NO3 GSqN3LX3 qd V§ 1&5 Ud _ | NOTidI¥OS30 1uvd 3 AINSNOdWOD 
cB-InN¢-EoO -31Vd NM -3009 NV1d ¥Y -JEV # -AdAL ¥Y :-3009 39us @ -9u3 . 
T ‘ALO ATDEWSSSV 9TT¥Y -NO3 -3009 d0Oud V3 -WN III JiddV WIGS ‘64d LOVWNI 9S18-O1T9 -LYVd IN3YWd 


me en pee 


v¥vTUu¥SaLvwW JO STIT11I€ Q@QBLNIANI WW -S31Vd ALIAT 193593453 


TT 39vd 62-4FW-62 NOISUSA WE BSWSLSAS YAaLNdWOD IVWNOSYAd SE-Et cB-t9r-Ee ASINIUd 


N/S 


ct 


J 


3LVa 
3S019 


N/S 


Luvs: 


va he 


2e- ~ady- -92 
cg-ady-9e 
2g-sdy-92 
2ea-udy-92 
ca-udy-9e 
cg-udy-92 
ZB-idy-92 
ee-udy-9e 
cB-sdy-92 
CB-4Ady-9z 
08-UNLF-GO 
08-UNT-GO 
08-uNnr-GO 


.08-UNF-GO 


08-UNF-GO 
06-UNL-GO 
O08-UNL-GO 
08-YUNT-GO 
06-UNF—-GO 
0B8-UNT—-GO 
08-UNL—-GO 
08-UNF-GO 
08-"UNr-GO 
08-UNT-GO 
08-UNL-GO 
08-UNr-GO 
08-UNT-SO 
06-UNL-GO 


o8-unr—co” 


08-"uNr-SO 
o8-uNr-co 


0B8-uNr-cso- 


08-unr-co 
08-uNr-so 


OB-UNF—SO © 


08-YNT-GO 
08-UNr-GO 
08-UNL—-GO 
08-UNC-GO 
08-UNL—-SO 


o8-unr—co” 


0B8-"UNT—-GO 
08-UNT-GO 
08-UNF-GO 
Oo8-UNLT—GO 
06-UNC-GO 
og-unr-GoO 
0B-UNT—GO 
08-UNF—-GO 


aLvd 


vcov 
ycoVv 
rcov 

918 
vcoVv 
ANON 
ANON 
AINON 
SINON 
SNON 


Trt 


Tey 
Trt 
Ter 
Tee 
Tey 
Try 
Tee 
Trt 
Try 
Try 
Te 
Ter 
Lev 
Lev 
Tey 
Trp 
Try 


Ver 


Tey 
Ter 


Tee 


Tee 
Tey 
Ter 
Try 
Try 
try 


Tey 


Tey 


Tee 


thy 
Tey 
Tet 
Try 
Try 
tet 
Tee 
te 


OHO 


NOS 


ze-IAr-80 :3Lvd 
9tt¥Y :NOS 


“ALO A E€WNaSsyv 


BJ9Vd 62-4PW-6e NOISUSA TWIG ~ 


ee ees 


eee ee 


n 


O00 O aan: 


Oe ee ee 


AM HMHANAMMNHAMHNM MMMM MMM MMM MHOOOOOODODOOO0COCO 


wee 


Yad ALO 
GagNnalXs 


:3q09 NV1d 
:3qd09 doud 


Tv¥IU 


er 


“ve ¢69 ChIt wi 


te mee ee ep. ee ee eee es 


oe ee ee 


~~ we - 


3ivw 40 S1I7113'84 @SZSLNIANI 
“SWALSAS UalNdNoy IWNOSUSd a 


bos Ne 


Vane 8 & ‘@ WAN % 91907‘Nvd EV ASSVAENS ‘Ona 
vad VY -#y ¥9Ge GO WAW % JISO7'Nvd EV ‘ASSVANS 
Wad* # X wose ‘734av7 
vVad* #d WOOT 3ovINUV) ‘auvo 
VaN* #d Yadvd XBWON ‘13¢4V7 
vans #8 ANGW3SSV SIHL G3SN LON 
VaN* #*% AaWaSSV SIHL G3SN LON 
van #4 AaW3sSsy SIHL G3SN LON 
vans #4 ATGW3SSY SIHL G3SN LON 
vane «#4 ATGW3SSV SIHL G3SN LON 
van*S 2a x3 30vdS 2/1-9 dv) ASW ‘OMG 
van *S 24 x3 930 Zt 30vdS #/t-2 dv) ASW ‘Oma 
vaN*S 24 x3 93a Zt 30vdS Z dvd ASM ‘OM 
van#*sS 2a x3 030 OF 30vdS 2 dvd AaW ‘OMA 
van#*s 2a x3 030 OF 30vdS v/E-1 dv2 A3yM ‘OM 
vaN*#S 24X3 030 § 30VdS Z2/T-1 dv? AaW ‘Oma 
van#s 2a X3 “93d LI 30vdS t/Tt-1 dvd AaW ‘OMG 
vanNn#S 24 x3 3ovdS Z/t-1 dvd AaM ‘OMG 
v3N#*S £4 X3 030 § dNNG/M 39vdS I dvd ASM ‘OMG 
van#S 2a x3 dWNG/M 39¥dS tT dvd ABW ‘OMG 
van*#S 24 X3 930 OT 30vdS 1 dvd ASM ‘OMA 
van*620xX3 —  ____39¥dS t dvd ASM ‘OMG 
van#S ia xXx3 63d Zt 30vdS tT dvd AaW ‘Oma 
vad 2d 1tdwWHu EV HOLIMS LSS3Y ‘YsovdS 
vad* IdWu __YYISIdd¥ ‘ABW L3S3Y 
vad* Td Wu WSAN3 ‘E 3iddv ‘d¥) Agy 
Vad* td Wu (SANIW) — ‘& 31dd¥ ‘dvd AgY 
Vad * td Wy NMOd MOMYY "E SB Iddv ‘dV¥) Ay 
vVad* tdwu AHOIY MOMMY “€ SIdd¥ ‘dvd AY 
Vad* tdwWu 44337 MOMNW ‘GE 3dddv ‘dvd Aay 
vVad* tdwhy YvVE AQVdS ‘EG 3iddv ‘dv Agy 
V3ad* tdwyu @ FiddV “E 3nddv ‘dvd Agy 
vad* tdwuy ¥ 3idd¥ '€ Biddy ‘dv? Agy 
vWad* td Wu WI01 WHdWW ‘E 3dd¥ ‘dvd Aay 
Vad * td Wu (WWI0S0)~ ~*~ “e 31ddv ‘dvd Aay 
vVad* td Wu (OU3Z) O 'E 31dd¥ ‘dvd ASW 
vad* td Wu dN MOUNY ‘E€ 3iddv ‘dvd Aa» 
vVad* td Wu TAIHS “‘€ 3ddv ‘dvd Aav 
vad* %tdwu 7 & ‘6 31ddv ‘dvd Aay 
Vad* td Wu tA <6 Bddv ‘dvd ABY 
Vads* td WH “7 > "€ B1dd¥ ‘dvd Aay 
vWad* td Wu W 'E 3ddv ‘dv2 A3w 
vad* tdWu N ‘€ 31ddv ‘dvd Ay 
Wad* tdwWwy 7 ~@ "€ Bddv ‘dvd Aay 
vad* 1% dWHu A '€ 3ddv ‘dv ASW 
Vad* $d WH DE BIdd¥ ‘dvd ASY 
Wad* “Td wy XE 31ddv “fdvo ASW 
vad* td WY Z 'E& 3ldd¥ ‘d¥) Agy 
Vads 1 ¢WM_deINB "6 Sidgv, ‘dvd Aay 
WwotadaAgaag 

dvSisud _...__. NOI1d1¥9830 Lud | 

vay * ‘3dAL v ‘3009 3046 4 :9N3 

va :Hn IIT 31ddv¥ W9SZ ‘OS “LOWNT 


wa ooooooococdcoceco0oooqooooooo00coMmxnaqgqg0eo0o0oo0oc0cecsocoodce cg d< dc C<¢ dc C€ Cd d< 


oe eee 


SE ET 


hsb bomb 7 
G62ts-019 
9S1S-O19 
£S€0-S28 
8200-16 
pSE0-Sz28 
4000-000 
7000-000 
5000-000 
7000-000 
£000-000 
400-290 
dt ¥00-290 
d£¥00-290 
dzv00-290 
at v00-290 
ad0v00-290 
6£00-290 
a8E00-290 
aZE00-290 
a9E00-290 
dvE00-290 
GEE00-290 
aZE00-290 
&210-S18 
E9T0-S18 
T910-ST8 
09710-St8 
&ST0-STA 
8ST0-ST8 
L£St0-S18 
9S10-S18 
SSTO-SI8 
ySTO-ST8 
ESTO-ST8 
2S10-Sta 
TSTO-SI8 
osto-ste 
év10-S18 
BYT0-SIB 
Lyto-Ste 
9¥10-SI8 
Sv10-SI8 
vyt0-SI8 
Evto0-St8 
Zvt0-Sie 
Tyt0-St8 
Ovto-Sst8 
6£10-S18 
BETO-SIB 


eye 


OMmMNINOHIm31 3 


MONON KO NNO NO NK HON MO HON NON NH KHUN UHH KHON NO NKO NH NH KHON MN Nn NN NH NDNN NN NN 


YSEWNN LYVd 
IN3NOdHOD 


TaA31 


9618-019 :1uvd LNaYWd 


TW :31iVd ALIAI193453 


~~ 2@8-197-£2@ G3ZINIYd © 


14.15 


N/S 


et 


Lf 


3a1vqd N/8 


35079 


sn a oo 
cB-ver-BT 
1B-T9-GT 
ce-uer- 8 
Ta-I9r-GYI 
ce-uer- 8] 
TA-1TNF-GT 
ce-ver-8T 
Te-TAF-GT 
ce-uer-G tI 
Te-T-GI 
cg-uer-BT 
TE-TAF-GT 
c8-uer-8t 
TE-TNF-GT 
cB-Yer-Bl 
TE-TNC-GT 
cB-uer-st 
TE-TAr-Gt 
ce-uer-Bt 
T8-T9F-G I 
cB-ver-Bt 
TB-I9-GT 
c8-uer- 8 
T8-IAf-ST 
ce-uer-gt 
TB-TAF-GT 
ce-uer-8T 
te-1T9r-GTt 
ce-uer-Et 
TE-TAF-GT 
cs-uer-gt 
Te-T9-ST 
cs-ver-st 
1T8-T9F-Gt 
c8-uer-BT 
Te-T9F-GT 
ce-uer-6t 
Te-T9r-GT 
c8-ver-gt 
IS8-TAF-GT 
ce-uer-St 
TE-TA-GT 
ce-uer-BT 
TE-TALF-GI 
cs-uer-st 
28-uer-Gt 
cB-uer-By 
cB-T9C-9E 
cB-uer-st 


a1LVqd 


LYVLS 


208 
cor 
£08 
Crt 
208 
cry 
208 
Ccvr 
208 
Crr 
208 
Ccvy 
408 
crv 
408 
cor 
408 
Cvr 
408 
cvy 
408 
cur 
208 
CcVvy 
£08 
Crr 
408 
Cry 
208 
£900 
£08 
Chr 
408 
Cry 
208 
CVV 
208 
ctv 
208 
cry 
£08 
Cry 
£08 
cry 
408 
TIt9 
Ec 
té0V 
té60V 


OHO 
Noa 


cB-1t9-80 -3LVvd 
9TTV¥Y -NO3 


“ALO AVEW3SSV 


39¥Vd 62-+PW-6c NOISYSA 114 


17 O OO WD ot oe ot wt OY ON ot ot we oe wt ot OY OO me ot we we wt wn we we CO ON we et 0) 0) oe wt et wt wt et Oe wt wt OU OY wt wt wt > 


Yad ALD - 


a30qN3LXx3 


NM -3009 NV 1d 


‘3009 dOQud 


Uw 8 b+ YF 2 
do #Y 
d@dtd Iu 
dd #* 
da@dtd iy 
dd #*¥ 
daddtd Iu 
dd # Y 
d@dtd Iy 
dd #¥ 
d@dtd Iu 
dd #4 
d@dtdIu 
dd #4 
d@dtd Iu 
do #¥ 
d@dtd Iu 
do *#¥ 
d@dtd Iu 
dd #*Y 
d@dtd Iy 
do *Y 
d@dtd Iu 
dd #Y 
d@dtdIu 
dd # 
d@d3 da IY 
dd #Y 
d@dtd Iu 
dd #Y 
d@d td Iu 
do #Y 
d@dtdIu 
dg 2 #¥ 
d@dtd Iu 
do #Y 
dadtdIu 
do #Y 
d@dtd Iu 
do #8 Y 
da@dtdIu 
dd. #y) 
d@dtd Iu 
do # Y 

d @d td Iu 
go *Y 

d 2d d du 
ne #4 

% + + 
dv oY 
Tadaoaqo 
dv S158 ud 
v ‘oa 
va Wn 


# 


tie me te 


NI-G3nyuNnd % G3a1lS3al 
NI-G3NnuNd % G3aLS3lL 
NI-G3NunNd ® d3isal 
NI-G3NYNd % G3aLS3L 
NI-Ganynd % dalssal 
NI-G3NuNd ¥% d3LS3L 
NI-d3SNyuNd % G31LS3L 
NI-G3SNuNd % d31S31 
NI-danynd % d31S3l 


NI-d3nund % dalsal 
NI-GSNUNEG 3% G3sLs3L 
NI-d3NuUNd % G31iS3L 
NI-GaNund ¥ G31S31 
NI-d3NUNd % G31s3sl 


NI-GSNUNG % d3iS3l 


boone Ve 
'TGES WZ 
prcS itl 
‘yeCcS Itl 
6EIS 172 
‘SETS WZ 
PLIS lbZ 
‘pLIS Wl 
TOTS Ww 
‘TOTS WH 
LOIS WZ 
‘LOIS Wl 
ESTS WwZ 
‘ESTIS WZ 
9ctIS IZ 
‘FEISS 1eZl 
BETS 172 
‘BETS WZ 
98S TIhZ 
‘98S 102 
PLS WL 
‘VLS 102 

ISS HZ 
‘TSS 102 
ces 102 
‘CES WZ 

Tes WZ 
‘ToS Wl 
Och 1vZ 
‘OCS WZ 

OTSeZl 


NI-GSNUNEG % GaiSal ‘OIStZ 


oe - + oe ome ee: 


— BOS TrZ 


NI-d3aNund % d31s3i Bos 1tvZ 


NI-d3Nnund % Qsalssi 
NI-GANUNEG % G3aLS3L 


NI-G3SNUNG % GaLlssl 


_NI-aanung % q31831 


NI-G3Nund % G3sissal 


SOS 102 
SOS WZ 
vos 1 
‘vos 1¢Z 
NcOS 172 
‘TOS WZ 
NOOS 1tZ 


7 NI-GSNune % Galssl 'OoS1bZ 


SclIs il 
‘ScIS 102 

TIS iZ 
‘TIS WZ 


wd 
‘Oo! 
‘OI 
‘OI 
oD | 
‘Ol 
‘OI 
‘OI 
‘OI 
‘Ol 
‘OI 
‘OI 
‘OI 
‘OI 
‘Ol 
‘OI 
‘Ol 
‘OI 
‘oO! 
‘OI 
ee | 
‘OI 
‘OI 
‘OI 
‘OI 
‘OI 
‘OI 
‘OI 
‘OI 
‘II 
‘Ol 
‘OI 
me D | 
‘OI 
eB 
‘OI 
‘OI 
‘OI 
‘OI 
‘OI 
‘OI 
‘1 
‘Ol 
‘OI 
‘OI 
‘OI 


a WHO Ly ‘AvUuY “SAY 
“Wee AGZEV GE 31907 NW ‘OT LYWSHOS 
WV¥y AS YO4 21907 EV “LNN ‘ASSY ‘OMG 


WVU AS 404 21007 EV ‘1SLNN'ASSY 


wm eee 


ee enh 8 eee 


me ee ee 


-AdAL VY -30d09 30us 


eee ee 


@ -oy3 


III Biddv W9SZ ‘O04 “LOWNI 


ee ee ---- 


VI HY¥SLVW AO STITIG GQALNIANI 


SWS1SAS YILNdWOI TWNOSYSd 


, NOILdIY9SS0 Luvd 


We Wudtmatcecececeedcecrceecercrcececrcececeee ec ececececetceece cece eceeeecece cee < 


LE ‘et 


bisa 
1S20-9OE 
vrco-SOE 
vre0-90E 
6€ T0-SOE 
6€ T0-9OE 
vLt0-SOE 
vLT0-FOE 
19T0-SOE 
19 F0-9OE 
2S 10-SOE 
LS T0-90E 
ES TO-SOE 
ES TO-9OE 
9ET0-SOE 
9ETO-FOE 
BE TO-GOE 
BE TO-9OE 
9800-SOE 
9800-90E 
?Z00-SOE 
¥Z00-9OE 
1TSO0-GOE 
1S00-90E 
CEO0-SOE 
cl00-90E 
}GOO-GOE 
1TZOO-9OE 
0C00-SOE 
0c00-90E£ 
OTO0-Z0E 
0T00-B0E 
8000-SO0E 
8000-90E 
S000-S0E 
G000-90E 
vO00-SO0E 
vQ00-90E 
€000-SOE 
€000-90E 
0000-SOE 
0000-90€ 
ScTtO-SOE 
Sc 10-906 
TFOO-GOE 
1 T00-90E 
cOTO-ctI 
L£~p00-0S0 
q901t0-O19 
9010-019 


YSEWNN LYVd 


LINSNOdWOO 


x s nS ~ 6 s 


~~ 


KR eR RO RO RR LR LR 
o000NoD 0 ODO VY VW VU BV OW OW DO YW V V VW UV V VW VY VW 0 OU DO WO 


9STB-OT9 -LYVd INAYVd 


TW ‘31LV0 ALIAIL03353 


cB8-1T"f-E% AZ1INIud 


14.16 


eUott4 > een ry we nov yh INGO ¢ UDA It ALU tte oy UL od OV BYLO- 7 4 
Te-Hny-O1 3 Sty T W3d90dtdiIuy YSAIYNG SJNIT ayNd Bert ‘DI O 88t 1—4SeE Z 
ea-uer—gt tea 1 Wadd #¥ NI-NYG41SL YSAING SNIT Gyno SBBYT OI ¥ 88t 1-096 9 
18-19r-O2@ £909 O YW9adQ4@dZd x3 6G2@tZ ‘91 ¥ 6620-10 Z 
18-T9F-O2 E9709 Ee W3adGdtdtI1uH vEES ‘D1 V vEES6—T10E Z 
ea-uer—-gt 208 € Wadd #V¥ NI-GSNUNE % GSLSSL ‘vEES ‘91 A vEES&—20E 9 
18-Hny—-O1 6b € W393 doOdtdI¥4Y YSWIL WAG 96S ‘DI O 9660-626 Z 
ca-uer—gy 6198 € Wadd «Vv NI-NUNAZLISSL YBWIL WNd 96S DI ¥ 96S0-0£€8 9 
18-5ny-O! ber I W3add&&dtdI¥ay S3LViS-Iul LIG-8 AvOEB ‘D1 O vpOEB—-SIE Z 
ce-uer—gt 6168 I Wadd #v¥ NI NYGSLSL “LS-IYUL LIG-8 AVOES D1 ¥ vOEB-9IE 9 
Te-Gny—Te 8 9EZ t Wadd -#d ‘379s ‘dvdv 4/I ‘WNOD ‘ONASY YIGG9 ‘OI ¥ 2000—-ZLEE Z 
es-uer—gt 248 J W3dd #¥ NI NYG % ISL VISGG9 LNI WNOD NASYV ¥ 2000-8EE 9 
Te-Bay—te 3 bbe 2 Wad G@dtdW Y¥3alidvady 4/I AIWLVSYSA G2s9 ‘JI OW 2269—-ZLEE Z 
2a-uer—gt 66228 2 Wadd #¥ NI-NUNGBLSAL YSidvdyv 4/I @2s9 OI v CeES9—BEE 9 
18-5ny-o!l eEesG I 73a d90dtdw 1008 ‘WOU 1 TEOO—-ITvE Z 
ce-ver—si  6Tee I Wadd a#¥ NI-NUNG HLIM LOOG WON ‘OI WW FEOO—2rve 9 
Ta-Gny-O1 tt T Vad dtd Ww a _ WOUMHONAS ‘HOY 0. OE00-1rE Z 
ce-uer—gt Tee T YV3dod #¥ NI-NUNG HLIM WOYHONAS WON OI YW O£00-2reE 9 
Ta-Sny-o1 8 éby t W3ad90dtdtIuy YSISIIdWY Y3SMOd OLdGNY OBEWT ‘91 0 OBE0-ESE Z 
ce-uer—et = 6Te8 J Wadd #¥ NI NU@ 3 161 dWY UMd OIdGNY OBEN OI v O8E0—#SE 9 
Te-Sny—TE ecy t W3ad90dtdtI4y ZHWE €20G9 YOSSSD0YNdOUDIW/II O¢ 2069-89E Z 
28-uer—gt 8460¥ T wadds#*yv NI-NUNGBLSSL ZHWE dZOGI OYDIW JI a 2069-696 9 
18-T9F-GT £909 if Vad @dtdtIu ee —— « 99THL DIY 99T0—-T10E ya 
cea-uer—gt 208 T Wadd #¥ NI-GANUNG % GS1S3L ‘99T¢Z ‘D1 Y¥ 9910-20E 9 
18-5nNY-OT ot I WadddtdwW TOYLNOD O3SGIA ‘WOU O ZE00-Itve ZL 
cwa-uer-—gt Tea t Wad0 #¥ NI NYG 8 1SL TOYLNOD O3GIA OI ¥ CE00—2vE 9 
18-I9—GT €909 v W3adadtdtIy 4G6eStvZ ‘OI ¥ L£G20-ZL0E ZL 
ze-uer—Bgt 408 ¥ Wadd s«*¥ NI-GSNUNE 8 G3LSSL ‘4GESrZ ‘DI ¥ 2620-806 9 

'18-T9F-St €909 t|  #WAd@&dtdIy _ __ OOSE6 YO S6TSrZ ‘OI ¥ S610—ZL0E Z 
cB-uer—gt 6408 t W4ad9d #¥ NI-GSNUNE 8 GSLSSL ‘Sé6TS'Z ‘DI ¥ S610—-80E 9 
18-T9F-ST €909 I WAadAH&dtdtIuy GLIStZ ‘OI ¥ SL10—-ZLOE ZL 
ze-uer—gt 408 I _ WAdd #¥ NI-GANUNG % G3LS3L ‘GZTS’Z ‘OI Y¥ SZ10—B80E 9 
1e-T9¢—-Et E900 vy WAdaddtdtIuy Estsvz ‘OI ¥ ESTO—-LOE Z 
ce-uer—gt 408 Y Wadd #¥ NI-GSNUNE ¥% GBLSSL ‘ESTIStZ ‘OI Y¥ €S10-80E 9 
t8B-I9r—Gt E9700 Ft # # # # #£>WEHAD Ad TATU LG TSee D1 9 TSTO—ZLOE Z 
ce-uer—gt 208 t Wadd #Y. NI-GSNUNE % G31S3S1 ‘ISTSeZ ‘DI ¥ TSTO—80E 9 
18-T9F—GT £909 Z W3da&dtdtI4# 9BS’Z ‘D1 ¥ 9800-L0E Z 
zce-uer—Bt 6408 Cc Wadd #*#¥ NI-G3SNUNE % G31S3L ‘98S’Z ‘OI ¥ ss: 9B00-B0E 9 
18-TNF—GT E909 ec W3dGAdtd ly ~ eZSt~Z ‘OI ¥ ¥L400—LOE Z 
ce-uer—gt 208 € Wadd s¥ NI-G3SNUNE % G31S3SL ‘PZS~L ‘OI Vv tZ00-80E 9 
T8-I9F—Gt Sty 2 VAadGdtd 18 _ 8 OES WL ITV 66€0-SOE Z 
cea-uer—gt 2408 ~ a Wadd #¥ ~ NI-GANUNE % GasiS3SL “646eS1vZ “oI ¥v 66£0-90E 9 
18-I9-ST avy 9 V3 ddGdtdI4 vleSWw2 ‘OI ¥ vLE0-SOE Z 
ze-uer—g} 208 9 Wadd #¥ _ _ NI-G3NUNE ¥% G3LS3L ‘vZESTL ‘OI ¥ vZE0—-90E6 9 
TB-IMC—GI Shy T V3 dG dtd IN — EZES WL ‘OI ¥ EZEO-SOE Z 
ee-uer—gt 2408 J wadod sy NI-G3SNUNE 3 G3SLG31 ‘EZES WL ‘JI ¥ E2E0-90E6 9 
Te-1I9—SI Str t Vad Gd td IY — 9 €8@SWwL ‘DIV E8c0-S0E L 
ce-uer—gy 408 T W3d2 #y NI-G3SNUNE ¥% G3LS3L ‘EseS1bZ ‘OI YV €820-—90€6 9 
1B-IM—-ST Ser € W3 dA d td IU . L4G@SweL ‘91 ¥ L£620-S0E ri 
ca-uer-8t £08 E _WAad 9 *#¥  _ NI-G3NUNG % G3LSAL ‘“<S261L ‘DI v  LS20-90E 9 
N/S 3aLvd N/S 31vq = OH? Yad ALO WN 1&dAO 49 yu USEWNN Luvd 13437 
438019 ‘Luvs NOS d30N3LX3  égdv¥VSlS Ud NOTIdTNISEG LYWd 3 LNSNOdWOD 
28-97-80 :3LV0 nN :3009 NV 1d vv :oayv # ?3dAL ¥ :3009 3904S #4 ‘Dua 
t ‘ALO ATEGW3SSSY 9TTV [NDF "3009 dOudd = va cWN ILI 31dd¥ W9SZ ‘03 “LOVNI 9G18-O19 ‘LYVd INSYWd 
IvruyakLvwn 3dO GIT 4 ASLINAAGNI Mv :34V0 ALIAIL9D3333 
vt 30Vd 64-4e8W-62 NOISUSA Wd ~~ SW315AS YSlhdWOd IWNOSsusd — ee BEET 2@8-197-E2 G3ZLNIUd | 


e coy gee Te re a 
ay a a 
cae Bure a PH ag. 


14.17 


CU-YI -oD OUL V Via dad J vw +t uw dU Nid VP vh ‘Lanuuo »v bUUD-tLS 7 
ce8-uer-st 642 1 YV3d90dtd du NId 8¢ OI ‘L3WO0S 32 TO8e-TTS 9 
c8-uer-B8t 4662 v V39d0dtd du NId te OI ‘L3EWO0S 9D TObc-TTG 9 
ce-uer-8T 662 TT YW3d0o0dtJId du NId O& OI ‘L3W00S 9 TOOZ-TITS 9 
ce-Y¥er-Eet 662 =) V3dqdo0dtd du NId 8f OI ‘L3W00S8 9 TOBI-TES 9 
ce-uer-st 642 9 V3d90dtId du NId 91 OI ‘L3W90S 9 TOOT-TIG 9 
cB8-UeF-STt 662 oe Va d90dtd du Nid tf OI ‘L3W90S 9D TOVI-TTG 9 
es-uer-st E€¢CoOd T V3 d90dtI d du q3yu ‘aa 4a TOO0O-8ZE 9 
esg-uer-st L9t t YVadoddt dou ad Nid G@ ‘YOLOSNNOD O BT00-6TS 9 
ce-uer-st tvvod c V3add #d Widavye HNOT “TIOO ¥ COTS-GET 9 
ce-uer-Bt ECS t Yv3dd0dtd ou Suva OLW/M YS0V3aH NId 92 ‘NNOO V Z£100-616 9 
cg-uer-gt ECS ral V3d290dtd0ou Suva OLW O/M YSQV3aH NId 92 ‘NNOOD ¥ 9T00-6TS 9 
ce-uer-st ZL9t c VA d90dtT4d_0u NId S@ YS0CVSH ‘YOLISNNOO O ¥tO0-461S 9 
ce-uer-et ZL9v T V3d20dtId du SJNOHd ‘Wovr oO CO00-STS 9 
ce-uer-Gt BZ T YV3d%90dt d du GI-EEE LIN (NOW) ONY LY ONOHd ‘nour ¥ TOOO-STS 9 
es8-uer-et ScZ t Vado td OW ANNOW 9d SIONY LY GI NId Gt ‘NNOD ¥ BEOO0-46TS 9 
ce-uer-et ZL9t c YV3ad0dtId0Hw GQ NId 6 ‘YOLOASNNOD O TTOO-46TS 9 
eg-uer-BT TEZ S YV3d0d¥ d dh 0 BYTONT ‘30010 ¥ BrTr-TIZe 9 
c8-uer-8Tt CES T Y3ado0dtd du NId ¢& WS0V3SH LHOIVYLS ‘NNOO GW ESO0-GTS 9 
ce-uer-st 9c Cc Y3d0dtId du WHO WZtv %~S Mb/Tt S3Y V ELvv-ToOrT 9 
cb-uer-8t 9c T WVAdddt d dw © 7 ™"S"WHO WOZLb “4S MY¥/t S3Y Y¥ vLter-tot 9 
ce-uer-Bt 920 € WAadddtd du WHO Zv %S Mb/Tt S3Y VY OL?y—-TOT 9 
ce-uer-st 9 S WAad0oI0dtd du WHO WE %S Me/t S3Y Y¥ COEt—-TOT 9 
ce-uer-st éty T "WA d Od td IY” THW 892 CE WYOS ONINNI "“WISAYD O 7000-261 9 
c8-uer-et 9eP c V3d0dtId du WHO SAW € E€ “ZG MP/T S3Y YV SEEv-TOT 9 
c8-uer-st 9209 c V3d90dtId du GGcenée ‘MS ddS HOIH dNd ‘YOLSISNVYUL V 8Gev-cZE 9 
ce-uer-BTt 9Sb “pus "“W3a d2dtTtd du ———"“AOG OdN “45 3902 ‘dvd O TOPS-TET 9 
ce-uUtr-Bt Fer T V3 d90dtd du WHO OSW Cec “~S Mb/T SSY V G2Cr-TOT 9 
ce-urr-St 92P € VAado0dtqd du AOS 4SNT ‘dVO O COTe-9c3 9 
~" “@p-uer-gt 9b GSFC WS Wd Od EF odd dh ~ WHO Wt “4S Mt/t Sau Vv COTt-TOT 9 
ce-uer-st Lev t W3Aad0dtId Iw THW OCIBTE tT ‘“WISAYD G TOOO-ZLé61 9 
cB-uUrr-BT 8 9ZY c VAad0dtd du AIT SANOT ‘dVO O cOlTS-9CT 9 
ce-uer-BTt 9eer”—UC CCU Wd Od FT od dl ~~ WHO WOOT Z2& M’/7Tt SSYY ~~ HOT H-TOT 9 
cB-uUer-BT 9eP ce W3ado0dtd du WHO WET 4S Mb/T ‘S3YN V CIte-tOT 9 
ce-urr-gt €0S t WAadVvVd2iZ4d du CY C4 Gé& OI00T NIVW ‘God O Ev00-028 9 
“Fe-T9=-St Che  —CS SE Wd Ed I Od '@TU eee “CCTS TOL "OI YC CEE TO-SOE Z 
ce-ver-st 408 ec Vado # ¥ NI-GSNUNE 8% G31S3S1 ‘ECTS WZ ‘OI VY EE TO-90E 9 
te-Sny-1lE 3 étth c WAad0dtditw vITe WY OIIVLS & X weOT ‘OI O vITC-vEE Z 
“E8-uer-8t “L428 °  ~" & ~ W3Adda2 * ¥ NI NYG 3 ISL WVY JILVLS & X weOT DIV &000-tvEE 9 
yt t W3d@dtditW TZySvZ ‘WOUd V TZvO-SEE 8 
Te-Sny-oF Sy } WAadQ0dtwv WwW VW9d ‘ANIHOVW S3LVLS ‘WOUd ‘OI fF 8cC00-TrE Z 
““ee-uer-8t TEGO Sd OD Ot OY WN FRET V9d HOVWW SLVIS 'WOUd DI VY -= ~~ :—«&B@00-~ere 9 
cea-uer-gt 6Z¥ t YWAada@dtId du. 40T H®ZE ‘3YOHD €@ TOSS-TSFI 9 
ce-uer-eTt Cer Ty V3d90dtd du AOG AGA/NSZ “4~OC-OB+ ANT  ‘dVO V TOTh&-SET 9 
ce-uer-Bt 6ECc6 Lf V3 d * #'d-~ " Wi0sdS ‘6S3uy 2 dIS “AVYNY YOLSISSY V ScO00-TTT 9 
ec8-urer-st 9fv t Va d0dtIddu¥ Nid 8 83H 2 YSLYSANOD V/0 AvVueY SSH O EOOO-TTT 9 
cB-Y¥er-Bt 9T09 bv WAadddtd d¥ VO6GENG ‘dWV'? MS NdN ‘YOLSISNVUL Y¥ vO6E-eZE 9 
ta-Sny-ot 6h) h6UTUCW KM Od Vd IB” TUUU™UTlU UU USAISDSY SNIT 68¢T "OI O 68v1-46SE Z 
cs-uer-gTt Tee | V3d090 a Vv NI-NYNG@tiSal “93 S3SNI1 66vT OI V¥ 68? 1-09E 9 
Te-Sny-oOf ot | a VadGd I d IW gq OL V 11G-8 HO-9 8026 ‘DI 0 802Z6-SSE yi 
N/S 31LVvd N/8 SaLvqd OHO Yad ALO~- WN 1G2dAO dD u YUSEWNN LYUVd WAST 
38019 LuvLs NODA  Ga0N3LXx3 dvVS1S Ud __ NOILdI ISA Luvd 3 LN3NOdWO9 
cB8-TAF-B0O -3LVA fA -3009 NV Id ¥Y -J4aVv #@ (3dAL ¥Y -3009 39uYs @ -9yu3 ; 
T ‘ALO ATIAaWassv 9TTIV -NO3 -30d09 dOud v3 -WN III AiddV WIGS ‘035 “LOVNI 9G1T8-OF9 :Luvd LN3aYVd 
T¥V¥Vr1r Y¥aLvwW 30 BttMWNHIEa @SLNIZANI TW ‘:aLVd ALIAI1903543 


! 


GT  30Vd 6£-4eW-62°NOISUSA JIG SL SAS “USINaWOD IWNOSUsa ops et eB =tor-ee oSINTud ~~ 


14.18 


N/S 


91 


t 


3LVd N/S 


380190 


tw 4 a Oe 
es-uer-gt 
ce-uer- gt 
ce-uer-gt 
2B-ver—gt 
eg-uer-gI 
es-uer-gt 
ee-uer-g] 
cB-uer-gt 
eB-uer—gt 
ee-uer-gt 
cg-uer-Qt 
ee-uer—gt 
ce-uer-gt 
ce-uer—gt 
cg-uer—gt 
ce—-uer-—gt 
cB-uer-gt 
ce—-uer-Bt 
2g-uer-gt 
T8-I9F-GT 
28-uer-gt 
ce-uer-Bt 
ce-uer—gt 
28-uer—gt 
2e-uer-—gt 
ce-uer—gt 
ee-uer-gt 
ce-uer-—BFt 
ce-fhew-v2 
ce-ver-g 
18-19F-GI 
ee-uer—-Bt 
ce-uer—gt 
za-uer-Bt 
08-320-22 
18-6ny-oT 
ee-uer-gt 


1e-6ny-oOT 
zca-uer—st 


18-Sny-oT 
eg-uer-gt 


18-5ny-O} 
es-uer—et 
08-320-42 
18-5ny-oO1 
2e-uer—gI 


aLvad 


LUVIS 


wee 
Eev 
9c 
ory 
9CY 
9cv 
662 
Er 
9EP 
9CV 
9cv 
9c 
FEV 
9Cv 
9Cv 
9cv 
9EV 
9C 
9EY 
6vv 
ctY 
208 
Cvy 
ICV 
9CV 
9CV 
9c0) 
9EV 
crv 
EOT) 
9S 
Cry 
L408 
£48 
094 
VuvS 
€0S 
TEs 
VuvsS 
6vy 
Tee 
VuvsS 
vy 
TES 
Vuvs 
ovr 
TEs 
VuvS 
£06 
Tes 


OHO 
NOI 


C8-19r-80 -31LVd 
9TT¥Y -NO3 


“ALO AIEGWASSYV 


39Vd 62-48W-S6e NOISHSA Wd 


4 VJ we Vo ° os or | Mo Vi wo WII 2 Os a bode QL iweb as uo 
Fa YV3d2dtddu AGE dSA %4OE 3INZZO ‘dvd 
t V3 d9dt dau WHO SSW CT %S Me/t S3UY 
T Wa d90dt ddu AOOF ZOF 39T0° ‘d¥9d 
T Vad 90dt dd¥ WHO O81 %S Mr/T ‘S3Y 
& ¥W4d90dtdd¥ AOG 4ASZ ~O2 344001 ‘dvd 
1 ¥VAd9dtd du Nid 8 9I ‘L3WO0S 
T YV3ad9dtI ddu AGT j3N@!@ ‘dvd 
€ Yad 9dtddu WHO OZ4¢ %S Me/T S3Y 
€ Wad 2dtT d d¥ WHO OOF “4S Me/t ‘Say 
2 V3 d90dt ddu WHO WI %S Mb/t ‘S3y 
T Wa d2dtId du WHO Ove %~G Mb/Tt Say 
v V3 d90dt ddu WHO YST %G Mb/t Sau 
t ¥3d9dtI dqdu WHO WZ'v %S Mb/Tt S3Y 
2 Wa dI9dtddu WHO WI X & AVUYW Say 
z YV3ad90dt dqdu WHO OOT %S Mt/T S34u 
v V3 d90dt d dé . WHO €& %S Mb/Tt S3u 
Fed V3d9dtddu WHO WEE X & AVY S3Y 
t ¥V3ad9dt ddu WHO O©& X Z AvVUuY Say 
T YV3d9dtddu YBIMYVE AWLLOHOS 2IZGNt ‘3001 
t V3daddtdtIuy CEISTIwL ‘OI 
t Yad #*¥ NI-GSNUNE B G3LG3L ‘ZEISTWeZ ‘DI 
T ¥V3d90dtdo2u WOOT NOILOIYS Nid OT ‘NNOOD 
2 Vad 90dtT d d& WHO Y8 9 %S Mb/Tt SHY 
2 Ya d90dtddu WHO WS 1 %S Mb/t Say 
€ V3 d2dtddu | WHO SZ %S Mb/t Sau 
T YWad90dtddu FO6ENZ “dWV% MS dNd ‘YOLSISNVUL 
v V3 d9dtd du AOS 4GZ “OT 34022 ‘dv9 
z ¥V4ad 4 dtd du %OT HPOT ‘3YOHD 
v vas # + # ASE ANOGE ‘dVO 
t V3 d92dtddu AOS OdN “OTF SdOT ‘dv9 
t V3ad@dtdtIuy | o9ecS tL ‘JI 
if Vad92 #*¥ NI-G3SNUNE B® G3ALS3AL ‘O92S WL ‘DI 
t YVa4d2 *#d SNId OF STONY LHOIY ‘YsqV3SH 
v * W3d 9d d du (S8VL ON) NId 06/62 3003 ‘YOLDSNNOD 
T V3d6ddtdw GSWNVYSOUdNN & X PZOT ‘WOUd 
J YWadoddtv=4w1 G9-GZIN WOUd ‘JI 
T Wad #«#¥ NI-NUNG HLIM S$9-GZIN ‘WOUd ‘OI 
T YV39daddtdqmtt GAWNYVYSOUUNN & X HZ0T ‘WOUd 
T Vadadtvw O8tN & X v2OT ‘WONd 
T Yad #¥ __ NI-NYNG HLIM OBIN ‘WOUd ‘JI 
t V3 dG dt dW ~~" @3SWNVYSOUdNN & X P2OT ‘WOUd 
t vadd0daqtv1m& €'941N & X vZOt ‘WOUd 
T Yad2 *#*¥ NI-NYNG HLIM 2 9LIN‘WONd ‘JI 
1 Va dG dtdW GSWWVY9OUUNN & X #PZOT ‘WOUd 
T VW3add0dtvw ¢LIN & X #ZOl ‘WOUd 
T YVadd #«*v¥ NI-NYUNG HLIM #LIN WOUd OI 
t Vad 8G d1T1d GAWNVYYUDOYUdUNN & X P2OT ‘WOUd 
t Wadddtvo41w Tt ‘G9GSV9 WOYd ‘JI 
I Wadd #¥ NI-NUNG HLIM 3 S7ASVO‘WONd “JI 
Y3d ALO WN 1G dA9Q9 
a30N31X3 dvsis ud |. _NOILdIYISAA Luvd 
NM :3009 NY Id ¥Y ‘ogy *# ‘3dAL VY :3q009 3904S @ :9u3 
"3009 d0Ou’d v3 :Wn IIT 3 dd¥ W9G2 ‘04 “LOWNI 


IVI¥saLvw 3O BITI4G4 GSLNAGNI 
SWSLSAS YsaLlNdNOd “WNoOsd3ad ~~ 


0 Ne ems me Lee 


We cooqmqoodmqoodmdoodccoadccdqodcoodtcd dd odcCcoootcdodcdc dd dd Couod€ dc dac 


z 


p 2 


= 


wey “oe > 


tOvc-ECET 
ScCTb-TOT 
TOTS-STT 
Tetb-TOT 
TOT9-cET 
TOBO-TES 
tOvS-ScT 
TLov—-lol 
TOEb-TOT 
SOtr—-TtoOtT 
Tecb-Tol 
EGth—-TOT 
CLtr—tol 
vIOO-TTT 
TOTH—-TFOT 
O€Er-TOT 
LIOO-THTT 
BtOO-TTT 
GO000-GZE 
CE TO-SOE 
CETO-90E 
CEO0O-4TS 
cB9v-TOT 
cStt-TOT 
OSLb-T01 
906E-2ZLE 
FOv9-CET 
FOTG-TST 
vOv9-9ET 
TOTS—TEF 
09C0-SOE 
09¢c0-90E 
COTO-GIG 
COOS-ETS 
€000-SEE 
GSOO0-TRE 
SSO00-CrE 
€000-SEE 
9v00-IvE 
9b00-Er€ 
€000-SEE 
S?v00-TvE 
Stv00-cre 
ECO000-GEE 
CrO0O-TrE 
Ev00-cre 
€000-SEE 
9S00-TrE 
9S00-Ere 


YSEWNN Luvd 
IN3NOdW09 


ie) 


m 


pt 
SOVO VWVVVVVIVWVVVIVIVW VVVVVNVWVVVIVWIVUIWVWVVWVVVWUWUVWWW- 


a 


0 


9518-019 :LYWd IN3UYWd 


TW :3190 ALIAILI3S43 


6€ ‘ET 


cB-Inr-E€e G3ALNIvd 


14.19 


N/S 


Lt 


t 


wee wi 


c8-T"-80 


e8-hew-or 


c8-Ady-92 


ee—-hew-ce 


alvd N/S 


3as010 


tot iia | “ot 
ce-uer—gt 
08-29q-21 
08-229q-z1 
0B-28q-z1 
08-22q-21 
0B-229q—-2} 
ca-uer—syt 
ce—-hey-o1 
ca—hey-o1 
2ea—fhew-o7 
ca-uer-gt 
ag-sdy-92 
ce-sdy-92 
eg-sAdy-92 
1T8-AON-ZO 
2Q-1dy-92 
ce-idy-9e 
2ea-sdy-92 
ce-uer—gt 
2e-19fr-92 
ca-udy-92 
2e-uer-—gyt 
18-Gny-y2 
Ze-uer-gt 
18-5ny-v2 
cg-uer—8t 
eg-uer—gyt 
TA-TAr—-GT 
ca-uer—Byt 
Ze-uer-gI 
cg-uer-9t 
ce-uer- gt 
7B-uer—gt 
ceg-uer-gyt 
ceg—-uer—gft 
2e-uer-gI 
ce-uer—Bt 
ce—uer—gt 
2e-uer-gt 
ce-uer—Bt 
ce-uer-—pt 
2B-uer—gyt 
1e-dasg-tz2 
ce-uer-gt 
T8-T9-STt 
2e-uer-g} 
TE-TAL—<CT 
ce-uer—gy 
7B-uUeLr—BT 


aLvd 


LYUvLs 


to tv 
LEV) 
€S 09d 
cer 
9S 
cB 
c8v 
9ES 
SEOV 
SCOV 
SseOovV 
980) 
TOL 
S609 
980) 
6S 
cL6 
199 
viz 
ICP 
cE TO) 
vcoyv 
Ec6 
S99 
298 
S979 
298 
c€80) 
crv 
208 
B22 
ICV 
9C4¥ 
EOS 
£0 
9c 
ICV 
ICV 
€20d 
TET 
609 
ICP 
9c 
€89 
988 
£909 
206 
£909 
£08 
9c 


OHO 
NO3 


cs-t9¢-s0 -31LVd 
9TTY -°-NO3S 


“ALO ATGW3SSV 


J9Vd 462-4PW-6c NOISHSAA TIE 


Oannmame ae MYuauwmaws OAC Ce we an DwawxQwamrawasmrwamwraeHYPtmmQOO Ont Ht ot wt wee GH vw OH aw ws - 


Yad ALO 
qaqnsalx3 


N -3000 NV 1d 
-3000 d0ud 


< 


Wt at agaaankhanankaagaanckaankaaandadkdanaanaadra*eaaoaaankaaaanadgc#teaaananaanade 


a Qaaaaadaiaanec 


a 
SVHE_eUCKEN KEMAH NII A TH KKEMSE RAM RBAKEK KRAMER EBM KER HRA KR DAA @ at at KR a f- 


MQ OVYVMOMVVVCVVGVOVVVOVOUVIOO MOOCVVO KE KFFOPMTOVOVV FOV0 £€OOMANAAANAYVL. 
Mo adadadtackankaaaacaacxaaxdadcdadadcartatxaxx axe x ee MOOD AAAaA > 


Oaa a a Oaaaaaaagaaaaaa 


~ > 


“Wn 


du 


Ta 


TW 


Iy 


# 


Us7vVd ei ONIN 


Whines AGW wJruad LIVING 
ncl X «0B DILGV 1d ‘OVA 

NId Gc AdA1-G NNOO ‘ONISNOH 
(AdAL-d) NId ‘LOVLINOO 

YOLONGNOD 8 ANNOY ‘3a7aVv9 

(3dAi1-d) LAEVIOS ‘LOVLNOD 

NId G@ 1d93Y¥ 3dAL-d NNOD ‘SNISNOH 
YOLYNIWITS W3S00OW ‘3148Vv9 

Ey 31V1dSWYN TS00W ‘19av7 
S3LVIdSWNYN O80T S1ddV¥ ‘'194V71 

EY SLV1d3SWNYN/0901 ‘ASSY ans 
OTX9XG EW ‘MANOS 

S3LIHM 91008 € ‘dV¥YM SIL 


‘a ‘OOTE X A IOKT XIGCT NOTAN ‘Y30Vd5 


SWHd WNOT X 9° X SEW ‘MANOS 

O71 »O0OZ° GHL G14 9 OXS ‘EW ASOGNVLS 
EV & aduvod NIVW ‘YsN0O) WOLLOG 
HOIH »e& °° SYAHdSIWSH ‘YadWNd 

EV W9GE AYOWAW AS ‘1S ‘G0d ‘ASSYV 
APT ANOCS ‘dVO 

YOLISLOY¥d LOVLNOO 

LYVIS-—IINV GIXET Al0d ‘Ova 
NOTLVZIIWIYSS dod ‘WdVv1 

_ 9ScaSv) ‘WOUd/ 9! 

NI-NYUNE HLIM 9SCESVO WOYd JO! 
‘69SVYN ‘WOUd/)I 

NI-NUNG HLIM G9SVY WONd “97! 

AOG LHX ZOT SANT ‘d¥) 

viIsSivZ ‘Ol 

NI-G3NUNE ¥% G31S3L ‘vyISTrZ ‘3! 
SEF OILSVId “LSAT 


d6é ‘YB WIIAdS AVUUY ‘Say 

~~ WHO WE’ 4S Me/T SAY 
GIWOS N33YN0 YVNAY vc# ‘SHIM 
SM ° SAILIOVdVO ‘Uva SN 


~ SWHO O@T %S Mb/T S3u 
WHO 2c “4S Mb/t Say 

WHO WOT “%S Mb/Tt S3uY 

~~ “AOOT ZOE JALHO° ‘dV¥d 
TSN-SdW ‘YOLSISNVUL 


NIdOT/SAYG/WHO 89 “WYMIN ‘AIGNI ‘83¥y 


oe “AOS OLIN %S 39ZH ‘dV¥d 
SWHO WI X Z AVY SAY 
YSGOON3S aduvOdAaw ‘WOU 
4S1 3 NI-NY@ EV ‘ONS GAAW WOU OI 


3ivO GNYN GyNO OOSbZL ‘DI 
NI-GANUNE % G3LS3L ‘OOSrZ ‘DI 
we LESeL OI 
NI-G3NUNG ¥% G3iSSL ‘PZESbZ ‘DI 
WHO WI X S AVUUV S3Y 


ee ee 


v :3009 39uS gs :9u3 
III 3idd¥ W9GZ ‘04 “LOVNI 


ee we eee ee 


-S3dAL 


TVITUSBLVW ADO SITTIG AQZLNAAGNI 


SWSLSAS YSLNdNOD WNOSHYSd 


tae ee 


NOILdI OSA Luvd 


‘We O<cedcdcmoond ddd dadd<odd<€@d<€ odd d€c€c¢Cc¢c<odcmimadadcuvsodc<@d¢€d dmc 


6E ET 


BLU Lba 
Zv00-cvd 
0€00-0¢S 
CcOO-STts 
0200-066 
EcOO-GSIG 
O0¢00-0¢S 
6200-066 
9900-ScB 
~S00-SC8 
L61tS-O19 
TOOT-OCr 
TEOO-O0ES 
cOTtO-098 
Olvt-Olp 
8T00-098 
6600-S08 
£000-S98 
9SCv-O19 
c0Ov9-921 
S000-S28 
L610-Crb 
EEcCO-Scea 
£900-TRE 
E900-CrE 
T900-TFPE 
1900-CPE 
TOTE-9ET 
47 100-SOE 
?T00-90E 
OOTO-TES 
FOOO-TTI 
cErtr-Tot 
SOve-E9S 
7000-062 
TeTte-ToOT 
OLEr-TO! 
COTY-TOT 
TOLE-ST I 
TOOO-9ZE 
TOOO-cTT 
TOLS-TET 
TOOO-TTT 
SEOO0-TRE 
SE00-EvE 
0000-Z0E 
0000-80E 
vLEO-ZLOE 
?ZE0-B0E 
6TOO-TET 


YSEWNAN LYVd 


LNANOdWOD 


WC: 


Amano 


a 


SN 


BK NS 
0 0 0 0 o~oODVNOVVINVVWVWIVWUVW IO 0 0 0 0VW V0 WJ 


s 


s 


WAT 


9S1B-O19 :LuWd INauvd 
VW :3LVd ALIAI193443 
28-19P-E2 GSINIYd 


14.20 


LY¥0d3¥ 40 GN3 


Z8- 197-80 Ze-idy-92 Zey I Wad 9d ZX x3 GEXPZ ‘DILVIS-IANY ‘A10d ‘ova 0 6S00-+¥6 2 
ZB-1dy-92 ze-uer-s8t 4 Vad#*#d*X _ dIH) W907) EV ‘'Y3LL37 YSWOLSND Vv 1¥Z0-0£0 2 
28-19f-80 Z9-Uer-BT SID 0500 0 wWdIdt x x3 AGIM ut/E StZ# WE ‘SdvL ¥ 5000-944 2 
Z8- 19-80 ZB-UeC-Bt Le 00T0 0 wWwdddd xXx xa Ev TvE# Gam SSV1O ONIW3S ‘Sdvl ¥ 8000-944 2 
28-17-80 ZB-UEF-BT OTIY t Wad Idd X X3 W3LSAS III 31dd¥ 04‘XO@ “LOWNI a 6400-26 z 
N/S 31Vd N/S 3ivd) = OHO Yad ALD OWN 1 ad A 09 u MSEWAN Luvd 73437 
3SOT9 LYv1S NOS = GS 0N3LX3 dvSisud _.. Ww W._...NOILdIY9S30 Luvd 3 INANOdWO9 
Z8-1Nf-8O :3ivad) A 73009 NVIld =v :O8y * (3dAL Vv :3009 3994S a :94ua , 

T ‘ALO AIGWSSSY) = 9T TY :ND3 :3d09 do¥’d va :WN __.._ ILL _31dd¥_ W962 ‘04 “LOWNI 9S18-O19 :LYWd LN3YVd 

TvIUuaLvyW sO STIT14 ASANAANI TW ‘3Lvd ALIAI19394533 


Bt 39Vd 62-4OW-52 NOISHSA W114 SWS1SAS YSLNdWOD “TWNOSUSd ne ~— —Or‘ET «6e8-19F-Ee G3INIUd ~ 


\ 


14.21 


@Bappia computar inc. 


THE APPLE /// WIRE LIST 


The following list is to be used for finding circuit components which are 
connected to each other. 


INTEPRETING WIRE LIST NOMENCLATURE 
Schematic Page Number Part Description 
(Add 1 to this number) Type 


C7 6 20uf 2 AL~ELECT M12 


/ Number of Pins Location 


Part Reference Designator 


Note: This wire list has schematic page numbers for the old Apple /// Schematic. 
Please add 1 to the schematic page number for the correct page. 
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ACS 
Vy 
wae ath JO A whe LIST 


- \ y f if 


BL 2 BRIDGE 2 


1 PCASO,3* 
Pl-9 U3—-12 Bl-l 
2 RASO.3* | 
ot Re 
Cl 4 10U 2 ML-ELECT BL1~ 
l Q2-1 Cl-1 R4=-2. 
2 GND 
C2 4 .1U 2 MON A3 
l PWRDN* 
U72=23 Q3=-3 C2-1 R6—2 
2 GND 
C3 4 3-30P 3 A3 
l GND 
2 GND 
3 Y2-1 U72-10 C3=3 
C4 4&4 20P 2 CER A3 
l C4-1 U72e-1l1 Y2=2 
2 GND 
C5 5 47P 2 CER N9 
l P3-9 R55=2 CS-1 Li-l 
2 GND 
C7 6 22U 2 AL-ELECT M12 
l +5V 
2 DT1M 


R31l-1 U164-10 C7=-2 U96-2 U96—-6 


C9 7 .022U 2 CER M10 


l U105—-6 R392 CIH1 
2 GNDF 
C10 7 1U 2 ELECT 
1 SUMSND 
R35-2 P9-1 Cl0-1 R78=2 
2 PEXTSPK 


U1L72-19 Cl10=2 


C12 7 10U 2 AL-ELECT 


l +12V 
2 GND 
C13 7 1U 2 ELECT N10 
l C13-1 U103~8 
2 GND 


C15 7 .01U 2 MYLAR MII 


15.2 


@}0Pppic computar inc. 


] 


2 


TCAP 
C15-1 Ul105—-4 
GND 


C16 8 47P 2 CER H14 


i Cl7 


C18 


C20 


C21 


C22 


C23 


C25 


C26 


C27 


C28 


C29 


I 
2 


Cl6-1 U107=1 
ULO7=2 Cl6-2 R47=2 


8 .1U 2 MON M7 


1 


2 


U96-13 U96—12 U96—8 R40-2 X2-1 C181 
X3-1 C75=1 
U164-6 Cl7=2 X5-2 C75=2 


8 .05U 2 CER M8 


2 


MON 


MON 


MON 


MON 


MON 


MON 


MON 


MON 


MON 


U96—13 U96—12 U96—-8 R40-2 X2-1 C181 
X3-1 C7/5=1 
GND 


UPRST* 
C20-1 Ul13—-6 ULL3=-2 R44-2 X4-2 X6-1 
GND 


AS 
Ul1L3-8 R46-2 U113—-12 C21-1 
GND 


G12 
U107=31 C22=1 
GND 


B14 
Ql0-2 R9O—-2 RII-1 C23=-1 R49-1 
GND 


M7 
+5FV 
GNDF 


~SFV 
GNDF 
Nll 
+12FV 
GNDF 
M10 
-12FV 
GNDF 


J2 


15.3 


Cl7=-1 


Cl7—-1 


C31 


C32 


C33 


C34 


C35 


C36 


C37 


C38 


C39 


C40 


C41 


C42 


2 MON 


2 MON 


2 MON 


2 MON 


2 MON 


2 MON 


2 MON 


2 MON 


2 MON 


2 MON 


2 MON 


2 MON 


2 MON 


15.4 


C43 


C44 


C45 


C46 


C47 


C48 


C50 


C51 


C52 


C53 


C54 


C55 


C56 


MON 


MON 


MON 


MON 


MON 


MON 


MON 


MON 


MON 


MON 


MON 


MON 


MON 


Al2 
GND 


EL4 
+5V 


-5V 


+5V 


+5V 


+5V 


+5V 


BLO 


15.5 


C57 


C58 


C59 


C60 


C6l 


C62 


C63 


C64 


C65 


C66 


C67 


C68 


1 .1U 2 MON B12 
l +5V 


1 .1U 2 MON AlO 
I +5V 
2 GND 


9 10P 2 CER A8 


l CS6522 
R68-2 U73—-24 C59-1 
2 GND 


1 220U 2 AL-ELECT N11 
] +5FV 
2 GNDF 


1 220U 2 AL-ELECT N/ 


l GNDF 
2 -5FV 
1 220U 2 AL“ELECT N12 
l +12FV 
2 GNDF - 
1 220U 2 AL-ELECT “M10 
1 GNDF 
2 -12FV 
1 .1U 2 MON FL4 
l +5V 
2 GND 
1 .1U 2 MON A4 
l +5V 
2 GND 


1 220P 2 CER M5 
1 R96-2 C66—1 
2 GND 


1 220P 2 CER LI . 
l R93=-2 C67=-1 


GND 
1 220P 2 CER Ll 
l R94-2 C681 
2 GND 


U97=24 
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C69 7 .1U 2 MON A8 


C70 


C71 


1 
2 


7 -1U 2 MON 
l 
2 


+5V 

C69-2 =R/5-2 UL8l=-1 U181=-2 
A8 

R77=2 Ul81-8 Ul8l-12 C70=1 
GND 


8 1U 2 ELECT ML14 


1 


2 


KRESET* 
U139$12 R80—-1 C71l=1 Ul79=-15 J7=-15 
GNDF 


C73 9 .1U 2 MON B14 


C74 


C75 


C76 


C77 


C78 


C79 


C80 


l 
2 


+12V 
GND 


2 100P 2 CER Dl2 


l 


R100-2 C/4-1 U4el11 


2 GND 
8 .1U 2 MON M6 
l U96—13 U96—12 U96—-8 R40=2 X2-1 Cl18-1 
X3-1 C75=1 
2 U164-6 Cl7=2 X5=2 C75=2 
7 o1U 2 MON M8 
1 U105=-8 R37-2 R38-1 C76-1 
2 GND 
1 220P 2 CER Ll 
1 R95-2 C77-1 
2 GND 
7 100P 2 CER 
l C78=1 Ul03=2 R34-2 R36-1 
2 GND 
1 .1U 2 MON 
] +5V 
2 GND 
1 .1U 2 MON 
l +5V 
2 GND 
Ji 1 26PIN 26 RIBBON 
1 GNDF 
2 DPHO 
J6—-2 U1l66-9 J1l=-2 
3 GNDF 
4 DPH1 


15.7 


Cl7=-1 


SNe oe 


J6-4 Ul67-9 J1=-4 


24 
25 
26 


J2 1 9PIN 9 9D 


] 


2 
3 
4 


oo “I OV 


J3 1 OPIN 9 9D 


GNDF 
DPH2 


J6-6 U166-8 J1-6 


GNDF 
DPH3 


J6-8 Ul67-8 J1-8 


-12FV 
WRREQ 
J6-10 U166—-7 
+5FV 
+5FV 
+12FV 
ENBL1.E* 
J1-14 U166-5 
+]2FV 
RDDATA 
J6-16 U166-4 
+12FV 
WRDATA 
J6-18 U166=-3 
+12FV 
WRPROT 
J6-20 Ul167=-4 
ENBL3.E* 
Jl=-21 U166-2 
ENBL2.E* 
J1-22 U167-6 
AII* 
Ul67-5 J1-23 
SIDE2/1 
J6-24 Ul167-7 
NO CONNECTION 
EXT* 
J1=26 U167-2 


J2=-4 


J2=5 


J1=-10 


J1i-16 


J1-18 


J1=20 


J6=-23 


J1~-24 
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l GNDF 
2 +5FV 
3 GNDF 
4 X1/SER 

J3-4 U169=3 
5 SW1/MGNSW 

J3=-5 U169=-2 
6 +12FV 
7 GNDF 
8 Y1/XCO 

J3-8 U169—4 
9 SW3/SCO 

J3-9 U169=5 

J&4 1 25PIN 25 25D 

l GNDF 
2 TXD 

J4—-2 U1L72-9 
3 DATA IN 

J4-3 U172-8 
4 RTS 

J4-4 UlL72=-7 
5 CTS 

J4-5 U172-6 
6 DSR 

J4-6 U17/2-5 
7 GNDF 
8 DCD 

J4-8 U172-3 
9 NO CONNECTION 
10 NO CONNECTION 
11 NO CONNECTION 
12 NO CONNECTION 
13 NO CONNECTION 
14 NO CONNECTION 
15 NO CONNECTION 
16 NO CONNECTION 
17 NO CONNECTION 
18 NO CONNECTION 
19 NO CONNECTION 
20 DTR 

J4-20 U172—-4 
21 NO CONNECTION 
22 NO CONNECTION 
23 NO CONNECTION 
24 NO CONNECTION 
25 NO CONNECTION 


J5 1 I5SPIN 15 15D 
1 GNDF 
2 XRGB4 
J5=-2 P17-3 P18-3 
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3 XSYNC 
J5-3 P17-9 P18-6 
4 PDINT* 
35-4 072-14 
5 XRGB1 
J5-5 P17=-7 P18-5 
6 GNDF 
7 ~5FV 
8 +12FV 
9 XRGB2 
J5-9 P17-5 P18=4 
10 XRCB8 
J5-10 Pl17-1 P18-2 
11 B&WVID 
J5-11 R15-2 Jl0-1 P18=7 
12 NTSC 
J5-12 R12-2  P18-8 
13 GNDF 
14 ~12FV 
15 +5FV 
J6 1 26PIN 26 RIBBON 
1 GNDF 
2 DPHO 
J6-2 U166-9 Jl-2 
3 GNDF 
4 DPHI 
J6-4 U167-9 J1—4 
5 GNDF 
6 DPH2 
J6-6 U166-8 J1-6 
7 GNDF 
8 DPH3 
J6-8 Ul167-8 J1-8 
9 ~12FV 
10 WRREQ 
J6-10 Ul166-7 J1-10 
11 +5FV 
12 +5FV 
13 +12FV 
14 ENBL1.I* 
J6-14 166-6 
15 +12FV 
16 RDDATA 
J6-16 Ul66-4 Ji-16 
17 +12FV 
18 WRDATA 
J6-18 U166-3 J1-18 
19 +12FV 
20 WRP ROT 
J6-20 U167-4 J1-20 
21 NO CONNECTION 
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22 NO CONNECTION 
23 AII* 

Ul167=5 J1l-23  J6-23 
24 SIDE2/1 

J6-24 Ul67=-7 J1=-24 
25 NO CONNECTION 
26 INT* 


J6-26 U16/7-3 


J7 1 26PIN 26 RIBBON 


l KYO 
J7-1 Ul07-17 
2 KY1 
J7-2 U107-18 
3 KVCC 
J7-3 Q9-2 
4 KY2 
J7=-4 U107-19 
5 APPLEII* 
J7-5 Pll-5 Ul106—12 U164-5 
6 KY3 
J7-6 U107=20 
7 APPLE1* 
J7-7) =Pl1-4 UlL11-3 
8 KY4 
J7-8 U107-21 
9 CAPLCK* 
J7-9 =Pil-3 U109=-13 
10 KY5 
J7-10 Ul107=-22 
Ll CONTROL* 
J7-11 Ul79=13) UlO7=28 Vl09-10 Pll=-2 
12 KY8 
J7=-12 U107=25 
13 GNDF 
14 KXO 
J7-14 U171-9 
15 KRESET* 
U139—12 R80-1 C71l-1 Y1l79-15 J7=15 
16 KX2 
J7-16 U171-8 
17 KX7 
Ji-l7 Ul71-7 
18 KX] 
J7=-18 U171-6 
19 KX5 
J7-19 UlL71=5 
20 KX3 
J7-20 U171-4 
21 , KX4 
J7=-21 U171-3 
22 KY9 


15.11 


arot 


24 


25 


26 


J7-22 U107=26 
KY6 
J7-23 U107-23 
SHIFT* 
J7-24 Pll-6 U107=-29 
KY7 
J7=-25 U107=-24 
KX6 
J7=-26 U171-2 


J8 1 1OPIN 10 PWR Gl 


— OCONHAMNN & WP 


Oo 


J9 1 2PIN 2 MOLEX M11 


l 


2 


AUDIO 
J9=-1 R69-1 
+5V 


J10 1 2PIN 3 RCA 


l 


2 
3 


B&WV ID 
J5—11 RU5-2 Jl0-1 P18-7 
GNDF 
GNDF 


Jil 1 3PIN 3 MINPHONE 


1 


2 


3 


EXTSPKI 
Jll-1 R34-1 
EXTSPK2 
Jil=2 U1L72=2 
GNDF 


Ji2 1 SOPIN 50 EDG 


] 


2 


IOSEL1* 

U74-14 Jl2-1 

AO 
J1I5—2 J14-2 J13-2 J1l2-2 U2-6 U97-38 U98-13 
UlOl-11 U94=13 UF3-38 U75=<13 U63-18 U177-13 
Al 
J15-3) J14-3) Jl3-3 J12-3 U2-10 U97=-37 U98-14 
UlO01-10 Ul77=-1 U94—1 U73=-37 U75=-1 U63=-16 

A2 
J15-4 J14-4 J13-4 Jl2-4 U5-6 U101-9 U97-36 
Ul77—-2 U94=2 U75—2 U73=-36 U63-14 
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5 A3 
J15=5 J14-5 J13-5 J12-5 U5-10 Ul09-1 Ulll-1 
U97=$35 Ul77-3 U94—-3 U75=3 U73-35 U63—-12 


6 A4 
315-6 J14-6 J13-6 J12-6 U9-6 U77-1 U76-1 
Ul12-2 U63-9 

7 A5 
J15=7 J14=7 Jl3-7 J12-7 U9-10 U76-2 U77-2 
U1l12-3 U63-7 

8 A6 


J15—8 J1l4-8 J13-8 J12-8 U2-4 U77-3 U76—-3 
U71-10 U63-5 U71-11 


9 A7 
Ji5-9 5314-9 J13-9 J12-9 U13-10 U77-4 U76-6 
U71l-7 U63=3 

10 A8 


Jl5-10 J14-10 J13-10 Jil2-10 U67-4 U74-1 U71-6 
U2-12 U13-6 U13-4 

11 A9 
Jis-11l Jl4-11 Jl3-11 Jl2-11 U5=4 U74-2 U71=-5 
U67=-7 

12 AlO 
J15-12 Jl4-12 J13=12 Jl2-12 Ul28-1 U74=-3 U71-4 
U67-9 

13 All . 
315-13 -J14-13 -J13=13) J12-13 U128-12 U6-6 U71-3 
U1L50-13  U74=5 U67-12 V3—5 UI74=5 

14 Al2 
Ji5—14 Jl4-14 J13-14 Jl2-14 U9R12 UL55—11 165-14 
U70—4 U71=-2 U1L74=-6 

15 Al3 
J15<15 J1l4-15 J13-15 Jl2-15 Ul28-4 UL55-12 V1l65—15 
U7l=1 U70=-7 U6<—5 U3-6 U1L74-7 

16 Al4 
Jl5<$16 J1l4-16 J13-16 J12-16 U3-7 U147-4 U70-9 
U6—16 U174—4 


17 Al5 
JU5-17 J1l4-17) JL3-17) 12-17) U3=$4 =147-3 70-12 
U174=-16 U6-7 

18 R/We 


Jl5<$18 Jl4-18 JL3-18 J12-18 U3=-3 U136-9 U180-17 
U1L76—-6 U165-11 Ul60-11 


19 PHO 
J15-19 Ul36—11 J14-19 J13=19 Jl2-19 Ul24—5 U65—-37 
R96=-1 
20 LOSTRB* 
J15=20 UlL50412 Jl4=20 J13<20 J1l2=-20 
21 RDY 
J15=21 Ul64—-8 J14-21 J13<-21 Jl2-21 Pl4-4 U65—2 
22 TSADB* 
J15-22 J12=22 J1l4-22 J13-22 U163-3 P14-3 
23 SPARE2 


15.13 


44 


45 


46 


J15=23 J12=23 
SPARE 1 

J15=24 J12-24 

+5V 

GND 
DMAOK 
U144-8 
DMAI* 
U176=2 

U153=9 
TONMI* 

J15=-29 U97=17 


J12=-27 


J12-28 


J14=-23 


J14=24 


J15-27 


J15-28 


J14=29 


IRQL* 


U101-14 J12=-30 


P2-/ 


TORESET* 


J12=31 


J13-31 J14=31 


U96—4 U94—15 


INH* 
J15=32 
-12V 
-5V 

SYNC 


U65-7 U136—1 


C7M 
J15=-36 
U90-14 

Q3 
J14=37 
U154=2 


PRE LM* 


J12=-38 
CO2X* 
J15=-39 
PREIM 
J12-40 
U97=25 


J14=-32 J13-32 
J15=35 


J14-36 J13-36 


U85=-3 J15=-37 


J13=-38 J14-38 
U77=-13 J14=-39 


J13-40 J14-40 
U139-10 R94-1 


DEVSEL1* 


J15=-45 

U91=-14 
D3 

J15-46 


U76=-14 


J14-42 J13-42 
U9l=-7 U69-12 


J14-43 J13=-43 
U69-9 = P15=-8 


J14-44 J13-44 


U69-7 =PIL5-7 


J14-45 J13=-45 
U69=-4 P15-6 


J14-46 J13-46 


J13=23 


J13=-24 


J14=27 


J14-28 


J13=-29 


U148=1 


J15=31 


J12=-32 


U174=3 


J12-36 


J13=-37 


J15=-38 
J13-39 


J15-40 


J12-42 


P15=-9 


J12~43 


J12-44 


J12=-45 


J12-46 


15.14 


J13-27 


J13=-28 Ul63-5 P14-2 


U139-13) J12-29 


Pl4-6 U164-2 U164—4 


U176—4 U165-13 P14=-5 


J14-35 J13=-35 J12-35 


U141=-9 Ul119=2 U146—-12 


U123-6 


J12=39 


R95=-1 


J12-37 Ull7=-12 R93-1 


UL19—12 U73—=-25 U123—-5 


U68-12 


U68-13 


U68=-14 


U68—-15 


U68-16 


J16-24 


J16=-23 


J16=-22 


J16=-21 


J16-20 


UL11=-12 


U111-9 


Ul11-7 


UL11-4 


UL09-12 


@hoppia computar inc. 


U91-5 U66—12 PIL5=-5 

47 D2 
J15-$47) J14-47) 13-47) «612-47 «=—U68-17) «=~J16-19 109-9 
U91-15 U66-9 P15-4 

48 Di 
J15-48 J14-48 J13-48 J12-48 U68-18 J16-18 U109—7 
U91-4 U66—-7 P15-3 

49 DO 
J15-49 J14-49 = J13-49 J12-49 U68-19 Jl6-17 U109—-4 
U91-16 U66—-4 PL5=-2 


30 +12V 
Ji3, 1 SOPIN 50 EDG 
l IOSEL2* 
U74-13 J13-1 
2 AO 


J15=2 Jr4—2 Jl3=-2 J12-2 U2-6 U97-38 U98=-13 
UlOl-11 U94-13 U73-38 U75-13 V63-18 Ul77=-13 
3 Al 
J15=3 Jl4-3) J13-3) J12-3 U2-10 U97-37 U98—-14 
UlO1-10 Ul77—1 U94—1 U73=-37 U75=1 U63-16 
4 A2 
J15-4 = J14-4 J13-4 Jl2-4 U5-6 U101-9 U97-36 
U1L77-2 U94—-2 U75=-2 U73-36 U63-14 


J15=-5 Jl4-5 J13-5 Jl2-5 U5-10 U109-1 Ulll-1 
U97=35 UL77=3 U94—3 U75=-3 U73=35 63-12 


6 A4 
J15-6 Jl4-6 J13-6 J12-6 U9-6 U/7=-1 U76-1 
ULL2=2 U63-9 

7 A5 


J1i5=7 Jl4-7) Jl13=-7 Jl2-7 UVUIA1O U76=-2 U77=2 
Ul12=3 U63-7 


315-8 J14-8 J13-8 J12-8 U2-4 U77-3 U76-3 
U71-10 U63-5 U71-11 


9 A7 
J15=9 J1l4-9 J13-9 J12-9 UL3-10 U77-4 U76-6 
U71=7 U63-3 

10 A8 


Ji5=$10 Jl4-10 J13-10 Jl2-10 U67-4 U74=-1 U71-6 
U2-12 U13-6 U13-4 

Il A9 
JIS—$11 Jl4-11 J13-11 Jl2-11 U5=4 U74=-2 U71=5 
U67=7 

12 AlO 
J15-12 J1l4-12 J1l3-12 Jl2-12 Ul28-1 U74=-3 U71-4 
U67=9 

13 All 
J15<13) J1l4-13) J13-13 Jl2-13 Ul28-12 U6-6 U71-3 
UL50-13 U74=5 U67-12 U3-5 UL74=5 

14 Al2 


15. 
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15 


16 


17 


18 


J15=14 Jl4-14 Jl3=-$14 Jl2-14 vU9-12 U155-11 


U70-4 U71-2 U174-6 


Al3 


U165-14 


JI5—15 Jl4-15 J13"15 Jl2-15 U128-4 U155-12 U165—-15 


U71-1 
Al4 


U70-7 U6-5 U3-6 U174-7 


J15-16 J14-16 J13-16 Jl2-16 U3-7 U147-4 U70-9 
U6—-16 Ul74—-4 


Al5 
J15=-17 


J14=17 


U174-16 U6—7 


R/W* 
J15=-18 


U176-6 Ul165—11 


PHO 


J15-19 U136-11 


R96=1 


LOSTRB* 


J15=-20 
RDY 
J15=21 


TSADB* 


J15=-22 


SPARE2 


J15=23 


SPARE 1 


J15=-24 
+5V 
GND 
DMAOK 
U144-8 
DMAI* 
U176=2 
U153-9 


IONMI* 


315-29 
IRQ2* 


UlLOl=15 J13=-30 


J14=-18 


U150-12 


U164-8 


J12=22 


J12-23 


J12-24 


J12=27 


J12-28 


-U97=17 


IORESET* 


Ji2-31 


J13=-31 


U96—4 U94-15 


INH* 
J15-32 
-12V 
-S5V 

SYNC 
U65-7 

C7M 


J14=-32 


J136-1 


J13-17 


J12-17 


J13-18 J12-18 


U160-11 


J14-19 J13-19 


J14=20 J13=20 


J14=-21 
J14=22 
J14=-23 


J14=-24 


J15=27 


J15=-28 


J14=29 
P2-6 


J14-31 


J13=-32 


J15=35 


J15-36 J14-36 J13-36 


U90—14 
Q3 


J13=-21 


J13=22 


J13=23 


J13=-24 


J14=27 


J14-28 


J13=-29 


U148-2 


Jl5=-31 


J12=32 


U1L74=3 


J12-36 


U3—-4 U147=-3 U/70-12 


U3-3 UL36-9 U180-17 


J12-19 Ul24-5 U65—-37 


J12-20 


J12=-21 


U1L63=3 


J13-27 


J13=-28 


Pl4-4 U65=-2 
PL4-3 
UlL63-5 P14=-2 


U139-13 J12-29 


Pl4-6 Ul64=2 Ul64—<4 


U1L76-4 


U141=-9 


U165-13 Pl4-5 


J14=35 J13-35 J12-35 


U119=2 U146—12 


J14=-37) U85-3 J15-37) J13-37 J12-37) ULL7—-12 R93-1 


15.16 


44 


45 


46 


47 


48 


49 


30 


PREIM* 
J12-38 J13-38 J14-38 
CO2X* 
J15=39 U7J=13 J14=39 
PREM 
J12-40 J13-40 J14-40 
U97=25 Ul39-10 R9I4=1 
DEVSEL2* 
J13-41 76-13 
D7 
J15-42 Jl4-42 JL3-42 
UlOl=5 U9l=7 V69=12 
D6 
315-43) J14-43)  -J13=-43 
U91=-13 U69-9 PL5-8 
D5 
J15-44 = J14-44 J13-44 
U91-6 U69=7 PL5=7 
D4 
J15-45 J14-45 J13=-45 
U91-14 U69=-4 P15-6 
D3 
J15-46 J14-46 J13-46 
U91l=$5 U66—-12 P15=5 
D2 
J15-47  J14-47) = =J13-47 
U91-15 U66-9 P15-4 
Dl . 
J15=48 J14-48 J13-48 
U91=-4 U66—-7 P15=3 
DO 
J15-49 J14-49 J13=-49 
U9l-16 U66-4 Pl5<2 
+12V 


J14 1 5SOPIN 50 EDG 
IOSEL3* 


l 


2 


U74=12 
Ad 


J15=2 Jl4-2 Jl3=-2 Jl2-2 U2-6 U97=-38 U98-13 


UlOl-1L U94"13) U73=38 %U75=13 V63-18 UL77=13 


Al 


J14=1 


J15=38 
J13=-39 


J15-40 


J12=42 


P15=9 


J12-43 


J12-44 


J12=-45 


J12-46 


J12-47 


J12-48 


J12=-49 


U123-6 


J12=39 


ULL9=12 


Y68-12 


U68=-13 


U68-14 


U68=15 


U68-16 


U68=17 


U68=18 


U68=-19 


R95=-1 


U73=25 U123=-5 


J16=-24 


J16=23 


J16=22 


J16=21 


J16=-20 


J16=19 


J15=-18 


J16=17 


UlL11-12 


U111-9 


ULLI-7 


ULLI-4 


ULO9I=12 


UL09=9 


U109=7 


U1L09—4 


J15=-3  J14-3) J13=-3) J12-3) U2-10 U97=37 98-14 


UlLO1-10 Ul77-1 


A2 


J15—4 J14-4 J1l3-4 Jl2-4 U5-6 UV101-9 U97=36 


U94—1 


U73=-37 


U75-1 


UlL77=-2 U94—$2 U75=2 U73=36 U63—-14 


A3 


J15=5 J14=5  J1l3"5 Jl2=-5 U5-10 U109-1 


U63=16 


U97=35 UL77-3 U94—-3 U75—3 U73=-35 U63=-12 


AS 


15.17 


ULLI-1 


10 


ll 


12 


13 


14 


15 


16 


1] 


18 


19 


20 
21 
22 
23 
24 


25 


Jl5-6 J14-6 J13-6 J12-6 U9-6 U77=-1 U76-1 
Ul12=2 U63-9 

A5 

J15=7 514-7 J13=7 Jl2-7 U9-10 U76=2 U77=2 
UL12=3 U63-7 

A6 

J15-8 Jl4-8 J13-8 J12-8 U2-4 U77=-3 U76=3 
U71=10 U63-5 U71l-11 

A7 
JI5-9 =J14-9 J13-9 J12-9 Ul3-10 U77-4 U76-6 
U71-7 U63-3 

A8 
J15-10 Jl4-10 J13-10 J12-10 U67-4 U74-1 U71-6 
U2-12 Ul3-6 U13—-4 

A9 

Ji5—11 Jl4—11 Jl3—11 Jl2-11 U5=4 U74=-2 U71<5 
U6/7=7 

Al0 
JU5—12 Jl4—12 J13-12 Jl2-12 Ul28-1 U74=3 U71=-4 
U67=9 

All 
J15-13) 314-13) J13=$13) J12-13  Ul28-12 U6-6. U71-3 
Ul50"13 = U74—-5) U67—-12 U3-5 U174=5 

Al2 

JU5-14 J1l4-14 J13=$14 Jl2-14 U9-12 ULS5=<11 U165=14 
U70-4 U71i-2 U174-6 

Al3 

JU5"-15  Jl4-15  J13“15  Jl2-15 Ul28=-4 U155=$12 U165=15 
U7l=1 U70-7 U6—5 U3-6 U174—7 

Al4 
Ji5-16 Jl4-16 J13-16 Jl2-16 U3=-7 U147=4 U70-9 
U6-16 9 U174=4 

Al5 
JU5S“17  J14"17) 1317) J12-17 = U3=-$4 U147=3 U70-12 
UlL74=16 U6-7 

R/W* 

J15<18 Jl4-18 J13=-18 Jl2-18 U3=-3 U136-9 U180-17 
U1l76—6 Ul65=-11 U1l60-11 

PHO 

J15-19 Ul36—11 J14-19 J13=-19 J12-19 U1246-5 65-37 
R96-1 

IOSTRB* 

J15=20 U150-12 J14=20 J13-20 J12~20 

RDY 
J15—21 Ul64—8 Jl4=21 J13=21 Jl2-21 Pl4-4 vU65=2 
TSADB* 
Ji5<22 J12-22 Jl4=22 J13-22 U163=-3 P14-3 

SPARE2 
J15=23 J12=-23) J14=-23 J13=23 

SPARE 1 
J15=24 J12=-24 Jl4=24 J13=24 
+5V 


15.18 
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26 
27 


28 


29 
30 


31 


GND 
DMAOK 
U144-8 J1l2-27 J15-27 J14-27 
DMAI* 
Ul76-2 J1l2-28 J15-28 J14=28 
U153-9 
LONMI* 
315-29 U97-17. 314-29 J13-29 
IRQ3* 
U97=7 J14-30 P2-4 U148-4 
LORESET* 
J12=31 J13-31 Jl4=31 J15=31 
U96-4 94-15 
INH* 
J15=-32 Jl4=-32 J13=-32 J12=-32 
-12V 
-5V 
SYNC 
U65-7 UlL36—1 J15-35 U174=3 
C7M 
315-36 J14-36 J13-36 J12-36 
u90=-14 
Q3 
314-37 U85-3 J15-37 J13-37 
U154-2 
PREIM* 
J12-38 J13-38 J14-38 J15=-38 
CO2Xx* 
315-39 U77=13 J14=-39 J13-39 
PREIM 
J12-40 J13-40 J14-40 315-40 
U97-25 U139-10 R94-1 
DEVSEL3* 
J14-41 U76-12 
D7 
315-42 J14-42 J13-42 J12-42 
UlO1-5 U91-7 U69-12 P15-9 
D6 
315-43 J14-43 J13-43 J12-43 
U91-13 U69-9 P15-8 
D5 
315-44 J14-44 J13-44 J12-44 
U91-6 U69=7 Pl5=7 
D4 
315-45 J14-45 J13-45 J12-45 
U91-14 U69-4 P15-6 
D3 
315-46 J14-46 J13-46 J12-46 
U91-5 U66-12 P15-5 
D2 
315-47 314-47 J13-47 512-47 
U91-15 U66-9 P15-4 


15.19 


J13-27 


J13—-28 Ul63-5 P14-2 


U139-13  J12-29 


P14-6 Ul64=-2 U164=4 


U1L76=4 Ul65—13 P1145 


J14-35 Jl3-35 J12-35 


Ul41-9 = Ul119=2 U1L46-12 


U123-6 RI5-1 


J12=-39 


J12-37) Ul17-12 R9I3-1 


UL19—12 U73=25 U123-5 


U68—12 


U68-13 


U68=-14 


U68=15 


U68-16 


U68=17 


J16=-24 


J16=-23 


J16=-22 


J16=-21 


J16-20 


Jl6-19 


UL11=-12 


ULLI-9 


UL11-7 


YL11-4 


ULO9=—12 


U1L09-9 
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48 Di 
J15-48 J14-48 9 J13-48 J12-48 U68-18 J16-18 UL09=7 
U91-4 U66-7 P15-3 
49 DO 


J15-49  J14-49 J13-49 J12-49 68-19 J16-17 U109—4 
U91-16 U66-4 P15=2 


50 +12V 
JI5 1 SOPIN 50 EDG 
1 IOSEL4* 
U74-11 J15=1 
2 AO 


J15-2 Jl4-2 J13=2 Jl2-2 U2-6 U97-38 vU98-13 
UlOl-11 U94-13 U73-38 U75=13 U63-18 U177-13 
3 Al 
Jl5-3 J14-3) J13=3 J12-3 U2-10 97-37 98-14 
UlOI-10 UL77-1 U94-1 U73-37 U75=1 63-16 
AQ 


J135"4 Jl4-4 J13-4 J12-4 US5-6 U101-9 U97=36 
Ul77—-2 U94—2 U75=-2 U73-36 63-14 


Jl5-5) J14-5 9 J13-5 =J12=5 US5=-10 Ul09-1 Ull1-1 
U97—35 UL77-3 U94-3 U75=3 U73-35 63-12 


6 A4 
J15-6 J14-6 J13-6 J12-6 U9-6 U77=-1 U76-1 
Ul12=2 U63-9 

7 A5 
Jl5—7 514-7 Jl3=-7 J12-7 U9-10 U76-2 U77-2 
Ul12=3 63-7 

8 A6 


J15—-8 J14-8 J13-8 J12-8 U2-4 U77-3 U76-3 
U71-10 U63-5 U71l-11 


9 A7 
J15-9 514-9 =J13=-9 J12-9 Ul3-10 U77=4 U76=-6 
U71=7 63-3 

10 A8 


J15-10 J14-10 J13-10 J12=-10 U67-4 U74-1 U71=-6 
U2-12 U13-6 U13=4 

11 A9 
Jts-1L J14-11 J1l3-11 Jl2-11 US=4 74-2 U71=5 


12 Al0 
J15-12 314-12 J13-12 312-12 128-1 u74-3 U71=4 
U67=9 

13 All 
Ji5-13) J14-13) J13-13 312-13 U128-12 v6-6 U71=3 
Ul50-13 U74-5 U67-12 U3=-5 U174=5 

14 Al2 
J15-14 314-14 313-14 312-14 u9-12 U155=11 U165—14 
U70-4 U71=-2 U174-6 

15 Al3 
Jl5—-15 Jl4-15 J13-15 Jl2-15 vl28-4 vu155-12 U165=-15 


15.20 


\7 


18 


38 


39 


U71=1 
Al4 


U70-7 U6-5 U3=-6 U174=7 


J15-16 J14-16 J13-16 J1l2-16 U3=7 Ul47-4 U70-9 


U6-16 UL74=-4 
Al5 

Ji5-17 = J14=17 

U174-16 U6-7 
R/W* 

J1i5-18 J14-18 


UL76-6 U165=11 


PHO 


J15-19 Ul36-11 


R96-1 
IOSTRB* 


J15-20 U150-12 


RDY 

J15-21 
TSADB* 

J15=22 J12-22 
SPARE2 

J15=-23 J12=-23 
SPARE] 

J15-24 J12-24 

+5V 

GND 
DMAOK 

UL44=8 
DMAI* 
U176=-2 

U153-9 
IONMI* 

J15-29 U97=17 
IRQ4* 

U97-6 J15-30 
IORESET* 

J12=-31 J13-31 

U96-4 94-15 
INH* 

J15=32 J14=32 

-12V 

=5V 
SYNC 

U65=7 U1l36-1 
C7M 

J15-36 

u90-14 
Q3 
J14=37 
U154-2 
PRE1M* 

J12-38 J13-38 
CO2X* 


U164-8 


J12=-27 


J12=-28 


J14=36 


U85=3 


J13-17) Jl2=17 


J13-18 J12-18 
U160-11 


J14-19 J13=-19 


J14-20 J13-20 


J14-21 J13-21 


J14=22 J13-22 
J14=23 J13=-23 
J14-24 J13—-24 
J15=27) J14=27 


J15-28 J14=-28 


J14=29 J13-29 


P2-3 U1L48=5 


J14-31 J15-31 


J13=-32 J12-32 


J15=35 U174=3 


J13-36 J12-36 


J15-37) J13=-37 


J14-38 J15-38 


15.21 


U3-4 Ul47=3 U70-12 


U3-3 U136-9 U1S80-17 


J12-19 U124—5 U65-37 


J12-20 


Ji2—-21 Pl4-4 V65=2 


U163=3 P14=3 


J13-27 


J13=28 Ul63-5 P14=2 


U139=13) J12=29 


Pl4-6 Ul64=2 U164=4 


U176—4 Ul65—13 P14=5 


J14-35 J13-35 9 J12=35 


UL41=-9 UL19=2 V146-12 


J12-37) Ul17=-12 R9I3-1 


U1l23-6 RI5—1 
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40 


4\ 


42 


43 


44 


45 


46 


47 


48 


49 


50 


J15-39 U77-13  J14=—39 
PREI1M 
J12-40 J13-40 J14-40 
U97=25 UlL39-10 RI4-1 
DEVSEL4* 
J15=41 U/76-11 
D/ 
J15-42 Jl4-42 J13-42 
Ul01-5 U91l-7 ° U69=12 
D6 
J15-43 J14-43)  J13-43 
U9l-13 UV6999 PL5-8 
D5 
J15-44 Jl4-44 J13=-44 
U91-6 U69-7 -P15-7 
D4 
J15-45 J14-45 J13-45 
U91-14 U69-4 P15-6 
D3 
J15-46 Jl4-46 J13-46 
U91=5 U66—12 P15=-5 
D2 
J15-47 = J14-47) =J13-47 
U91-15 U66-9 P15=4 
Dl 
J15=48 J14-48 J13-48 
U91-4 U66—7 P15=<3 
DO 
J15-49 J14-49 J13-49 
U91-16 U66-4 Pl5<2 
+12V 


J16 1 25PIN 25 LNGMOLEX 


l 
2 
3 
4 
5 
6 


7 


10 


DBO 
J16-1 
DB1 
J16=2 
DB2 
J16=3 
DB3 
J16=4 
DB4 
J16=5 
DBS 
J16=-6 
DB6 
J16=-7 
DB/ 
J16=8 
DAO 
J16-9 
DAL 


U66-3 U80=-13 
U66-6 U80-8 
U66-10 U80—-14 
U66-13 U80-7 
U69=3 U80-17 
U69-6 U80-4 
U69-10 U80=-18 


U69-13 U80—3 


J13=-39 


J15-40 


J12=-42 


P15=-9 


J12-43 


J12-44 


J12=45 


J12~-46 


J12-47 


J12-48 


J12=-49 


UlL0—-4 U84-13 U66—-2 


15.22 


J12=39 


U119=12 U73=-25 U123=5 


U68-12 
U68=13 
U68—-14 
U68-15 
U68-16 
U68-17 
U68~18 


U68-19 


J16-24 


J16=-23 


J16=-22 


J16=21 


J16-20 


Jl6-19 


J16-18 


J16=-17 


Ul11=12 


u111-9 


Ul11=-7 


UL1L1-4 


Y109-12 


U109-9 


U109=7 


U109=4 


@goppic computar inc. 


Ul0-5 U84-8 U66-5 


ll 
12 
13 
14 
15 
16 


17 


13 


19 


20 


21 


22 


23 


24 


25 


J17 1 25PIN 25 LNGMOLEX 


WN -& 


J15=42 
ULOI=-5 
GND 


U10-12 U84=-14 


U66-14 U84-7 
U69=2 U84=-17 
U69-5 U84—4 
U69-11 U84=-18 
U153=5 U84=-3 


J14-49 J13-49 
U66-4 =P15=-2 


J14-48  J13-48 
U66—-7 P15=3 


J14=47) = J13-47 
U66-9 P15=4 


J1i4-46 J13-46 
U66—12 P15=5 


J14-45 J13=-45 
69-4 P15-6 


J14-44 J13-44 
U69-7 PI15-7 


J14-43 J13-43 
U69-9 P15-8 


J14=42 Jl13-42 


U66-11 


U69-14 


J12=-49 


J12-48 


J12=-47 


J12-46 


J12=45 


J12-44 


J12=-43 


J12=42 


U91-7 U69=12 P1L5-9 


UL3-9 Pl6=5 
J17=5 
U9-7 P16-6 


U5-9 P16=3 


15.23 


U68=-19 


U68-18 


U68=-17 


U68=16 


U68=15 


U68=14 


U68=13 


U68=-12 


J16=-17 


J16-18 


J16=-19 


J16=-20 


J16-21 


J16=22 


J16=-23 


J16=-24 


0109-4 


UL0Q9—7 


U109—-9 


U109=-12 


UL1L1~4 


UL11-7 


UL1LI1=9 


ULL1=-12 
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Ji7-8 U5=-7 Pl6—2 


9 ARI 
R98-2 J17=-9 
10 ARO 
R97=2 J17=10 
ll RAMR /W* 
Jl7-11 U150-8 
12 RASO.3* 
J17-12 R58-2 Bl=2 
13 RAS1.2* 
J17=-13 R59=-2 
14 RAS4.5* 
J17=14 R60—2 
15 RAS6.7* 
J17-15 R61=-2 
16 -5V 
17 CASO* 
J17=17 U4-2 
18 CAS1* 
J17-18 U4=5 
19 CAS2*% 
J17-19 U4-6 
20 CAS 3* 
; J17-20 U4-9 
21 CAS4 , 6* 
Jiy-21 U4-12 
22 CASS,/7* 
U4-15 Jl/=-22 
23 AX* 
Ul24—8 U2—-2 U1l3-2 U9=-2 V5=2 J17=23 
24 AR7 
U1L3-7 Jl/7=-24 
25 GND 
J19 1 3PIN 3 MOLEX H14 
l UUTSUNK* 
J1I9-1 Ul18-9 Vl62-8 V120—-9 
2 FIELDOUT 
U126-19 J19=2 
3 FIELDIN 


J19-3 U121-18 R63-1 


J20 1 LOPIN 10 MOLEX Hl 


l SYNCH 
J20—-1 P1l7-10 U1l26—-5 P3-2 P4-6 
2 RGB2 
J20—-2 Pi7-6 P4-3 P3-4 P10-6 U90=5 UIN-13 
U89—-10 
3 C3.5M 
UL32-10 Ul41=-10 U146-13 U119=-7 J20=-3 
4 RGB4 


P4—4 PIl7=4 P3-5 P10-7 U9ID0]$4 VID-10 U389-7 
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J20-4 

5 RGB8 
J20°5 P45 Pl7-2 P3-6 = P10-3 =U90-11 90-3 
U89—2 

6 RGB 
U89—15 Pl7-8 P4-2 P3=-3 J20-6 P1l0-4 U90-6 
U90=12 

7 FORCPAGE 
U87-6 PIN=2 J20—-7 ° 

8 COLRGATE 
J20-8 Ul47-2 U126-6 

9 COLORKILL* 
U147-13 U87=11 J20-9 

10 GND 

J21 1 SPIN 5 MOLEX B14 

] HPEDIS 
UL35=2 J21l-1 R54-1 

2 C14M* 
U141-13 UlL46-8 Ul24-11 J21-2 

3 UUTRST* 


UL24-13 ULL9=1 = Ul2Z3-1 R53-2 Ull4e-l J21=-3 U116—1 
U120—1 Ull8-1l Ul1l7-1 


4 UUTUPRST 
R92—-2 Ul62—11 J21-4 U164=3 
5 GND 
L1 5 27U 2 Ll MIO 
1 P3-9 R55=-2 C5=-1 Lil-l 
2 GNDF 


L2 1 30U 2 FILI M7 


1 +5V 
2 +5FV 
L3 1 10U 2 FIL2 L7 
1 -5V 
2 -5FV 
L4 1 30U 2 FILI M7 
1 +12V 
2 +12FV 
L5 1 10U 2 FIL2 L7 
1 -12V 
2 -12FV 
Ql 4 3904 3 TRI Cl 
1 U72-24 Ql-1 Xl-2 
2 Ql-2 R5-2 
3 +5V 
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Q2 4 3906 3 TRI CL 


1 Q2-1 Cl-1 R4-2 

2 +5V 

3 Q3-2 Q2-3 RIOI-1 
93 4 3904 3 TRI Bl 

l GND 

2 Q3-2 Q2-3 RIOI-1 

3 PWRDN* 


U72-23 Q3-3 C2-1 R6-2 


Q4 5 3904 3 TRI M7 


l R15-1 Q4-1 R16-1 

2 P4-1 Q4-2 

3 +5V 
Q9 8 MPSUS1 3 TRI L14 

l +5FV 

2 KVCC 

J7=3 Q9-2 

3 Q9=3 R43=-1 ULL1=-10 
Q10 9 4258 3 TRI B13 

l Qll-1 R48-2 Q10-1 

2 Ql0-2 R90-2 R91-1 C23=-1 R49-1 

3 R52-1 Ql0-3 Yi-1 


Qll 9 4258 3 TRI B13 
l Qll=1 R48=2 Q10-1 
2 


Yl-2 Ql1-2 R49-2 
Ql1-3 RS5l-1 U146-10 Ul146-5 146-2 


Qi2 5 3904 3 TRI L7 


1 R12-1 R1I3-1 Q12-1 
2 P3-1 Q12=-2 
3 +5V 


PI 2 1K 10 SIPIO C14 


1 +5V 
2 PCAS4 , 6% 
U4-13 U6—14 P1=2 
3 PCAS1* 
Pl-3 U4-4 U6-12 U128-10 
4 PCAS2* 
Pl-4 U4-7 U6-11 
3 PCAS5,/* 
U4-14 Pl=-5 U6-13 
6 PCAS 3* 
Ul28-2 U128-13 P1-6 U3-11 U4=8 
7 PCASO® 
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8 


9 


10 


Pl-7 U4=-3 U3=-14 
PUSELB 

U4-17 Pl-8 U3-13 
PCASO, 3* 

Pl-9 U3-12 Bil-l 

NO CONNECTION 


P2 4 IK 8 SIP8 J4 


l 
2 
3 
4 


5 
6 


7 


8 


+5V 
NO CONNECTION 
IRQ4* 
U97=6 J15—-30 P2=3 U148—-5 
IRQ3* 
U97=7 J14-30 P2-4 Ul48—4 
NO CONNECTION 
IRQ2* 
U101-15 J13-30 P2-6 U148-2 
IRQ1* 
U1l0l-14 Jl2-30 P2-7 U148-1 
NO CONNECTION 


P3 5 SP3 10 SIPIO LI 


l 
2 


3 


P4 5 SP4 8 SIP8 
\ 


2 


P3-1 QL2=-2 

SYNCH 
J20-1 Pl7-10 U126-5 P3-2 P4-6 

RGB1 

U89-15 PI17-8 P4-2 P3-3 J20-6 PIN-4 U9I0D-6 
U90—12 

RGB2 
J20-2 P17-6 P4—-3 P3-4 P10-6 U90=-5 VU9ID—13 
U89=10 

RGB4 

P4-4 P17-&4 P3=-5 PlO-7 U9I0-4 UI90-10 U8I~-7 
J20-4 

RGB8 
J20-5 P4-5 Pl7-2 P3-6 P1l0O=-3 U9ID-11 UID—3 
U89=2 

NTSCA 
P3-7 U90-7 

NTSCB 

P3-8 U163-8 
P3-9 R55-2 C5-1 Li-l 
NO CONNECTION 


M8 

P4-1 Q4-2 

RGB1 

U89=-15 P1l7-8 P4-2 P3-3 J20-6 P1l0-4 U90=6 
U90=12 

RGB2 
J20=2 P17-6 P4-3 P3-4 P1lO-6 U90-5 V9I0-13 
U89=-10 
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4, RGB4 

P4-4 P17-4 P3-5 P10-7 U90-4 U90-10 U389-7 
J20-4 

5 RGB8 
J20-5 P4-5 P17-2 P3-6 P10-3 U9I0-11 90-3 
U89=2 

6 SYNCH 
J20-1 P17-10 U126-5 P3-2 P46 

7 NO CONNECTION 

8 +5V 

P8 5 1K 6 SIP6 F4 

l +5V 

2 NO CONNECTION 

3 DX5 
U89-12 U86—5 P8=3 

4 DX4 
U89=13 U86-16 P8=-4 

5 DX6 
U89-5 U86-19 P85 

6 DX7 


U89-4 U86—-2 P8-6 


P9 7 SPO 8 SIP8 C5 


SUMSND 

R35-2 P91 ClO-1 R78=-2 
2 SND5 

P9=2 UI7—15 
3 SND4 

P9-3 U97-14 
4 SND3 

P9=4 §=U97=13 
>) SND2 

P9=5  UI7=12 
6 SNDIL 

P9-6 «=UI7=11 
7 SNDO 

P9-7 U97=10 
8 +5V 


P10 5 1K 8 SIP8 G4 


i +5V 

2 FORCPAGE 
U87-6 P1O-2 J20-7 

3 RGB8 
J20-5 P4-5 P17-2 P3-6 P10<-3 U9I0-11 90-3 
U89=-2 

4 RGBIl 
U89-15 P17-8 P4-2 P3-3 J20-6 P10-4 U90-6 
U90=12 

p) NO CONNECTION 

6 RGB2 
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J20-2 Pl7-6 P4=-3 P3-4 Pl0-6 U9ID-5 UID=13 


8 


Pll 8 1K 8 SIP8 


1 
2 


J 
4 
5 
6 


7 
8 


P13 5 1K 6 SIP6 


1 
2 


3 
4 
>) 


6 


U89-10 
RGB4 


P4-4 P17-4 P3=-5 P10-7 U90=-4 U90-10 


J20-4 
NO CONNECTION 


L14 

+5FV 
CONTROL* 

J7-11 
CAP LCK* 


J7-9 PLl1=-3 ULOI-13 


APPLE1* 


J7-7 = Pll=-4 ULL1=3 


APPLEII* 


J7-5 Pll-5 U106—-12 U164—-5 


SHIFT* 


J7-24 Pll-6 U107=-29 


NO CONNECTION 
NO CONNECTION 


DXO 
U88=-14 V86-12 
DX2 


P13=2 


U88=5 U86-15 P13-3 


DX3 


U88=2 U86-6 P13-4 


DX1 
U88—11 
NO CONNECTION 


P14 3-4-8 LK 6 SIP6 Ml 


l 
2 


+5V 
DMAI* 
U176=-2 
0153-9 
TSADB* 
J15-22 Jl2-22 
RDY 
J15=21 
INH* 
J15=32 J14=-32 
IORESET* 
J1l2-31 J13=31 
U96—4 U94—15 


J12-28 


U164-8 


P15 3 3.3K 10 SIPLO C3 


l 
2 


+5V 
DO 


U86-9 P13=5 


J15=-28 


J14=22 
J14=21 
J13-32 


J14=-31 


J14=28 


J13=-22 
J13=-21 
J12=32 


J15=-31 
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J15"49 J14-49 J13-49 =J12-49 =U68-19 9 Jl6=17 
U91-16 U66—-4 P15=2 

3 Dl 
J15-48 9514-48 J13-48 J12-48 U68-18 J16-18 
U91-4 U66-7 P15=3 

4 D2 
Ji5=47 J14-47) = J13-47) =9J12-47 = U68-17 =J16-19 
U91-15 U66-9 P15-4 

3 D3 
J15-46 J14-46 J13-46 J12-46 U68-16 J16-20 
U91l=5 Ub6-12 PL5=5 

6 D4 
J15-45 J14-45 Jl3-45 J12-45 U68-15 J16-21 
U91-14 U69-4 P15-6 

7 DS 
J15-44 J14-44 J13-44 Jl2-44 U68-14 J16-22 
U91-6 U69-7 P15=7 

8 D6 
J15-43) J14=43) -J13=43) -J12-43 = U68—13 16-23 
U91-13 U69-9 PL5-8 

9 D7 
J15"42 J1l4-42 Jl3"42 Jl2-42 U68-12 J16=24 
UlO1-5 U9l=-7 V69=12 P15-9 

10 NO CONNECTION 

P16 2 330 8 SIP8 F13 

1 +5V 

2 AR2 
J17-8 US-7 Pl6—-2 

3 AR3 
J17-7 U5-9 P16-3 

4 ARO 
P16-4 R97=-1 U2-7 

5 AR6 
J17-4 U13-9 P16-5 

6 AR4 
J17-6 U9-7 P1l6-6 

7 AR5 
R99-1 U9-9 P1l6-7 

8 AR} 
P16-8 R98-1 U2=9 

P17 5 75 10 SIP1O M9 

1 XRGB8 
J5-10 Pl7-1 P18=-2 

2 RGB8 
J20-5 P4-5 Pl7=-2 P3-6 P1l0-3 U90-11 U90-3 
U89=2 

3 XRGB4 
J5=-2 Pl/-3 P18=3 

4 RGB4 
P4-4 Pl7-4 P3-5 PlO-7 U90-4 U9IN0=-1N U89=-7 
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9 


10 


J20-4 
XRGB2 

J5-9 P17-5 P18=4 
RGB2 


J20-2 P17-6 P4-3 P3-4 P1l0-6 U90-5 U90-13 


U89=10 
XRGB1 
J5=5 Pl7=-7 P18=5 
RGB1 
U89=-15 P17-8 P4-2 P3-3 J20-6 P10—-4 
u90=-12 
XSYNC 
J5=-3 Pl/=9 P18=-6 
SYNCH 
J20-1 P17-10 U126-5 P3=-2 P46 


P18 5 220P 8 SIP8 M9 


l 
2 


3 
4 


5 


GNDF 

XRGB8 

J5-10 Pl7-1 P18=-2 
XRGB4S 

J5=2 PI7=-3 P18=-3 
XRGB2 

J5-9 PI7-5 P18=4 
XRGB1 

J5-5  Pl7=-7 P18=5 
XSYNC 

J5-3 P17-9 P18-6 
B&WVID 

J5-11 RiIS5S=-2 Jl0-1 P18-7 
NTSC 

J5-12 R12-2 P18=-8 


P19 4 3.3K 10 SIP10O B6 


1 
2 


3 
a, 
5 


6 


7 


10 


+5V 
SELIM 

U180-15 U174=2 U150<3 U73=9 P19=2 
LOEN 

U73-8 P19=-3 U147=10 


SCRN 
U154-13 U73—-7 P19=-4 
RESETLK* 
U179=14 U73-6 P19=5 = UL39—-5 
RWPR 
U73-5 P19-6 U180-16 
PRIMSTK 
U73-4 P19=7 U158-9 
ROMSEL2 
U73—-3 U64—-21 P19-8 
ROMSELI 
U165-10 U73=-2 P19-9 
PH2M 
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P19=10 U141-5 U65=-39 U176-17 


R4 4 100K 2 QW A2 


1 +5V 

2 Q2-1 Cl-1 R4-2 
R5 4 47K 2 QW C2 

1 +12V 

2 Ql-2 R5=2 
R6 4 470K 2 QW A2 

1 +5V 

2 PWRDN* 


U72-23 Q3-3 C2-1 R6-2 


R9 4 3.3M 2 QW A2 


R12 


R13 


R15 


R16 


R31 


R34 


R35 


l R9-L Tl-1 Xl-1 U105-10 
2 GND 
5 47 2 QW N6 
l R12-1 R13-1 Q12-1 
2 NTSC 
J5-12 R12-2 P1388 
5 75 2 QW N6 
1 R12-1 R13-1 Q12-1 
2 GND 
5 47 2 QW M6 
1 RI5-1 Q4-1 R16-1 
2 B&WVID 
J5-11 R15-2 J10-1 P18-7 
5 75 2-QW NS 
l RI5-1 Q4-1 Rl6-1 
2 GND 


6 47K 2 QW NIG 


1 DT1M 
R31-1 U164-10 C7-2 U96-2 U96-6 
2 +5V 
7 3K 2 QW NS 
l EXTSPK1 
Jll-1 R34-1 
2 C78-1 Ul103-2 R34-2 R36-1 
7 4.7K 2 QW G6 
l AIISPKR 
R35-1 U173-9 
2 SUMSND 


R35-2 P9=-1 ClO=-1 R78=2 
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R36 7 1K 2 QW M12 


R37 


R38 


R39 


R40 


R43 


R44 


R45 


l 
2 


7 4.3K 2 QW 
1 
2 


7 1.1K 2 QW 
l 
2 


7 1.2M 2 QW 
1 
2 


C78=1 UlL03—-2 R34=2 
GND 


L9 
+12V 
U105-8 R37-2 R381 


L9 
UlL05-8 R37-2 R38-1 
GND 


L9 
+12V 
Ul05-6 R39-2 CI-1 


8 IM 2 QW LII 


l 


2 


ANYKEY 


U107=4 R40-1 X2-2 U106-11 


R36=1 


C76=1 


C76=1 


U109=3 


U96-13 U96-12 U96-8 R40-2 X2-1 


X3-1 C75=1 


8 1K 2 QW G13 


l 


Q9I-3 —-R43-1 ~=2 111-10 


C18=-1 


C20-1 UlL13—-6 Ul13—-2 R44—-2 X4=-2 X6-1 


2 GND 
8 2.2M 2 QW A6 
l +5V 
2 UPRST* 
8 15K 2 QW AS 
l +5V 
2 U113-13 R45-2 R46-1 


R46 8 303M 2 QW AS 


1 
2 


U1l13-13 R45-2 R46-1 


UL13-8 R462 Ul13-12 C21-1 


R47 8 LOOK 2 QW HI14 


l 
2 


ULO7=-3 R47-1 
Ul107=2 Cl6-2 R47=2 


R48 9 180 2 QW Al3 


1 
2 


+12V 
Qll-1 R48-2 Q10-1 


R49 9 47 2 QW AL3 


1 


Ql0=2 R90=-2 RII-1 


Yl=2 QLI=2 R49—2 


C23=1 
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R51 9 75 2 QW Al3 
1 
Qli=-3 RSl-1 146-10 U146-5 U146-2 


2 GND 
R52 9 47 2 QW Al2 
1 R52-1 Q10-3 Yi-~1 
2 NO CONNECTION 
R53 9 1K 2 QW C14 
1 +5V 
2 UUTRST* 


U124-13 Ul1L9=1 Ul23—1 R53-2 Ul14—1 J21-3 U116—1 
Ul20-1 Ul1l8-1 Uli7v-1 


R54 9 1K 2 QW C9 


l HPEDIS 
UL35—-2 J2l-1 R54-1 
2 GND 
R55 5 1K 2 QW K8 
I COLORBURST 
R55-1 U147=12 
2 P3-9 R55=2 C5-1 Li-l 
R57 7 10K 2 QW L8 
l +5V 
2 PDLOT* 


UlL01-13 Ul05—-7 R57=-2 


R58 2 27 2 QW C14 


1 RRASO. 3* 
R58-1 U12=-3 
2 RASO. 3% 


J17-12 R58-2 Bl=-2 


R59 2 27 2 QW C14 


1 RRAS1.2* - 
R59-1 U12=-6 
2 RAS1.2* 


J17=13 R59=2 


R60 2 27 2 QW E12 


1 RRAS4.5* 
R60-1 U12=-8 
2 RAS4.5* 


J17-14 R60-2 
R61 2 27 2 QW D12 


l RRAS6./* 
R61-1 Ul2-11 
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R63 


R65 


R66 


R67 


R68 


R69 


R75 


R76 


RI] 


R78 


R79 


2 RAS6.7% 
J1l7=-15 R61-2 
9 3K 2 QW Gll 
1 FIELDIN 
J19=3 Ul121-18 R63-1 
2 GND 
6 1K 2 QW H9 
1 +5V 
MOTON* 
UL79=1 U92-15 Ul78-15 R65-2 U164-12 
6 1K 2 QW LI11 
1 U92-9 U91-9 R66-1 
2 GND 
6 1K 2 QW L9 
l +5V 
2 Ul6l=-11 U92—-5 R67=-2 
9 3K 2 QW F/ 
1 PCS6522 
R68—1 U180-14 
2 CS6522 
R68-2 U73-24 C59-1 97-24 
7 33 2 QW Mil 
1 AUDIO 
39-1 R691 
2 R69-2 U103—6 
7 1MEG 2 QW A8 
1 +5V 
2 C69-2  R75-2 Ul18l-1 UL81-2 
7 1.5K 2 QW AB 
! +5V 
2 R76-2 .R77-1 181-13 
7 6.8K 2 QW AB 
1 R76-2 R77=-1 181-13 
2 R77=-2 UL81-8 Ul8l-12 C70-1 
7 6.8K 2 QW A7 
1 U181-9 R781 
2 SUMSND 
R35-2 P9-1 Cl0-1 R78-2 
4 3K 2 QW AS 
l +5V 
2 CKIRO* 
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U72-13 RI9=2 97-40 


R80 8 10K 2 QW M14 


1 KRESET* 
U139-12 R80-1 C71-1 U179-15 J7=15 
2 +5V 
R81 1 240 2 QW N4 
1 X7-2 R81-1 
CND 
R85 7 3K 2 QW NA 
1 +5V 
2 SW1/MGNSWUF 


R85-2 U169-19 U73-39 U101-3 


R86 7 1.1K 2 QW J9 
l R86-1 U1l60-6 U161=2 
2 GND 


R87 7 15K 2 QW Jl 
1 +12V 
2 PCTS 
R87=2 U172-15 Ul100—4 


R88 7 15K 2 QW J1 
1 +12V 
2 PDSR 
R88-2 U172-16 U100-10 


R89 7 15K 2 QW J2 
1 +12V 
2 PDCD 
R89=2 U172-18 U100-13 


R90 9 1.5K 2 QW Al3 


l +12V 

2 Ql10-2 R90=-2 R91-1 C23-1 R49-1 
R91 9 1.1K 2 QW Al2 

l Ql0=-2 R90—-2 ROl=-1 C23—-1 R49-] 

2 GND 
R92 8 1K 2 QW AG 

l TRESET 

U113-5 R92-1 
2 UUTUPRST 


R92=-2 Ul62-11 J21-4 U164-3 
R93 1 120 2 QW LI 


l Q3 
J14-37 U85<-3 J15-37 J13-37 J12=-37 
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U154=2 
2 R93—-2 C6/=1 


R94 1 120 2 QW LI 
l PREIM 
J12-=40 J13-40 J14-40 J15-40 UL19—=12 U73=-25 U123—=5 
U97=25 U139-10 RI4—-1 
2 R94—2 C68=1 


R95 1 120 2 QW LI 


l PRE1M* 
J12-38 J13-38 J1l4-38 J15=-38 U123-6 R95-1 
2 R95=2 C7/7=1 
R96 1 120 2 QW M5 
1 PHO 
315-19 Ul36—-11 J14-19 J13—219 Jl2-19 Ul24=5 V65=37 
R96—1 
2 R96-2 C66-1 
R97 2 33 2 W El3 
l ARO 
Pl6-4 R97—-1 U2-7 
2 ARO 
R97-2 Jl7-10 
R98 2 33 2 QW E13 
} ARI 
P16-8 R9I8-1 U2-9 
2 ARI] 
R98-2 J1/-9 
R99 2 33 2 QW FI2 
l ARS 
R99=1 U9I-9 PL6-7 
2 AR5 
R99=2 JL7=5 
R100 2 100 2 QW D12 
1 C14M 
UL46-6 RINO}j1 Ul117—-10 U119-9 U79—-7 U85-11 
2 R100-2 C741 U4-11 
R101 4 100K 2 QW A2 
l Q3=-2 Q2-3 RIOI-1 
2 GND 


R102 6 470 2 QW L9I 
l +5V 
2 Q3* 
U93=9 U1l36—12 U9l=-12 UL1L7—-11 UlL7—-2 UliI7=-3 VL35—12 
U131-5 R1O2—-2 RIN3-1 Ul46-1 


15.37 


@gappia computer inc. 


R103 6 300 2 QW L9 
l Q3% 
U93-9 Ul36—12 U9l-12 Ul17-11 Ul17=2 U117-3 UL35-12 
U131l-5 R1O02-2 R1IO3-1 U146-1 
2 GND 


R106 1 1K 2 QW J8 

+5V 

2 S5A 
R106-2 Ul165-2 Ul65=-3 U165-4 U165-5 U173-4 U173-13 
U173-10 


= 


R107 1 1K 2 QW H12 
l +5V 
2 S5B 
R107=2 Ul06—-2 Ul06—4 U106-10 U106-13 U93-1 U114=10 
U114—-7  =U116=5 


R108 1 1K 2 QW D5 
+5V 
2 S5C 
R108-2 Ul40-L U140-4 Ul40-10 U140-13 


>= 


R109 1 IK 2 QW AlON 

+5V 

2 S5D 
R109=2 U1l24—1 Ul24-4 U124-10 Ul0=-13 U146=-4 U123—=4 
UL23-10 0123-13) UlL7-4 Ull7-5 Ul17-6 UL17=-7 


~~ 


Tl 4 4V 2 BAT G14 
1 R9-1 Tl-1l Xl=-1 U105=-10 
2 GND 


Ul 2 LS283 16 Ell 
l SUM2 
Ul=1 U9=-5 
2 V4 
U87-19 Ul=2 U154—4 U120-12 Ul-11 
3 H4 
U121l-5 Ul-3 U116—-14 
4 SUM1 
Ul-4 U5-11 
5 H3 
U1l14-11 Ul=-5 U121-6 
6 V3 
U120-13 Ul-15 U154-5 U1-6 
GND 
GND 
NO CONNECTION 
0 SUM4 
Ul-10 U2=3 


m © OO ~ 
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11 v4 
U87-19 Ul-2 U154-4 U120-12 Ul-11 
12 GND 
13 SUM3 
Ule-l3 U9-11 
14 H5 
U121-4 Ul-14 U116-13 
15 V3 
U120-13 Ul-15 U154-5 U1-6 
16 +5V 
U2 2 $153 16 F13 
l GND 
2 AX* 
U124-8 U2=-2 Ul3=2 UINH2 US-2 Jl7=-23 
3 SUM4 
Ul-10 U2=3 
rR A6 


J15-8 Jl4-8 J13-8 J12-8 U2-4 U77-3 U/6=3 
U71-10 U63—-5 U71-11 


3 HO 
U114=-14 U2=5 
6 AQ 


J15-2  Jl4—2 J13-2 J12-2 U2-6 U97-38 98-13 
UlO0l-11 U94—13 U73=38 U75—=13 U63-18 Ul7/=13 


7 ARO 
Pl6-4 R97=-1 U2-7 
8 GND 
9 ARI 
P16-8 R98-1 U2-9 
10 Al 


J15-3) J1l4-3) J13"+3) = J12-3 = U2-10 U97=-37 U98—-14 
Ul01-10 Ul77-1 U94—"1 U73=37 U75-1 U63~16 


Ll H1 
Ul14-13 U2-11 U155-9 
12 A8 


J15-10 Jl4-10 J13-10 J12-10 U67-4 U74=1 U71-6 
U2-12 Ul13-6 U13—-4 


13 VI 
U121-22 U2=-13 Ul18-11 UL3=5 U13=3 
14 AY* 
U13-$14 Ul1l=-3 U9-14 U5—14 U2-14 U153=-3 U6-15 
U3=1 
15 GND 
16 +5V 
co<t{ 
U3 2 7643 18 34120056 C12 
l AY* 
UlL3=$14 Ul1l=-3 U9R-14 U5—-14 U2-14 V153=-3 U6=-15 
U3=1 
2 RDHIRES 


U175=-1 Ull=-17 U3=-2 U6-3 U126-9 
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U4 


2 


18 


$374 20 D13 


l 
2 


3 


R/W* 

J15-18 J14-18 J13-18 J12-18 U3-3 U136-9 U180-17 
Ul76-6 Ul65-11 U160-11 

Al5 

Ji5<17 Jl4-17) J13217) J1l2-17) U3=4 U147-3 U70-12 
Ul74-16 U6—-7 

All 
JI5—-13) Jl4-13) J13-13) J12-13 UL28-12 U6-6 U71-3 
U150-13) U74-5 U67-12 U3=-5 U174-5 

Al3 
Jl5—-15 Jl4-15  J13-15 J12-15 U128-4 U1l55=-12 U165=-15 
U71-1 U70-7 U6—5 U3-6 U174-7 

Al4 

Ji5—16 J14-16 J13-16 J12-16 U3-7 U147-4 U70-9 
U6-16 U174=-4 

Ql 

U6-8 U131-4 U3—-8 Ul24-12 U117=14 


UL28-2 U1l28=13 P1l-6 U3-11 U4-8 
PCASO, 3* 

Pl=9 U3=12 Blel 
PUSELB 

U4<17 Pl-8 U3=-13 
PCASO* 

Pl=-7 U4=-3 U3=-14 
PRASO.3 

U128=-5 Ull-14 Ul2=1 U3-15 U6=4 
PRAS1.2 

U1l2-4 Ull=-13 U3-16 
ABK2 

V6-1 Ul1-6 Ul0-7 U3-17 

+5V 


GND 
CASO* 
J17-17 U4=2 
PCASO* 
Pl-7 U4=-3 U3-14 
PCAS 1* 
Pl=3 U4-4 U6-12 U128-10 
CAS 1* 
Ji7-$18 U4=5 
CAS2* 
J17-19 U4—6 
PCAS2* 
Pl-4 U4-7 U6-11 
PCAS3* 
U128=2 U128-13 Pl-6 U3=-11 U4=8 
CAS3* 
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J17-20 U4-9 
10 GND 
lt RLNQ=2 C741 U4ell 
12 CAS4, 6% 
J17=-21 Ud=-12 
13 PCAS4 ,6* 
U4-13 U6-14 Pl=-2 
14 PCAS5,/7* 
U4-14 Pl-5 U6=-13 
15 CAS5,/7* 
U4-15 JL/-22 
16. USELB 
U4-16 U66-1 69-1 
17 PUSELB 
U4-17  P1l-8 =U3-13 
18 NO CONNECTION 
19 NO CONNECTION 
20 +5V 
U5 2 S153 16 El2 
l GND 
2 AX* 
U124-8 U2-2 Ul3=-2 U9-2 USe2 Jl7=23 
3 V2*V5 
U121-8 U154-8 U5<3 
4 AY 
Jl5-11 Jl4—11 Jl3—"11 Jl2-11 U5-4 U74=-2 U71=5 
U67=7 | 
5 H2 
UlL21-7 U5=5 U114-12 U85-8 
6 A2 


J15=-4 Jl4—4 Jl3-4 J12-4 U5-6 UlO1-9 U97=-36 
UL77=2 U94—-2 U75-2 U73=-36 U63-14 


7 AR2 

J17-8 U5—-7 Pl6-2 
8 GND 
9 AR3 

J17-7 US-9 P1l6-3 
10 A3 


J15-5 J14-5 J13-5 = Jl2-5 U5=-10 U109-1 Ulll-l 
U97=35 Ul77=-3 U94—=3 U75=3 U73=-35 V63-12 


2 SUM1 
Ul-$4 US=-11 
12 US=12 U128=3 
13 MUX1 
0101-12 Ul75=-14 U5=-13 
14 AY* 
U1L3=-14 Ul1l=3 U9IH1L4 VUSR—14 U2-14 U153=-3 VU6=15 
U3-1 
15 GND 
16 +5V 
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U6 2 


ABK2 
U6—-1 Ul1-6 Ul0=-7 U3=-17 
2 ABK] 
U6-2 Ul1-5 Ul0-2 
3 RDHLIRES 
U175=1 Ull=-17 U3-2 U6b-3 U126-9 
4 PRASO.3 
U128-5 =Ull-14 Ul2—-1 U3-15 U6=4 
p) Al3 
JU5—15  J14-15) J13-15 Jl2-15 UL28-4 ULS55=-12 U165—-15 
U71l=-1 U70-7 U6-5 U3-6 U174=-7 
6 All 
Jl5-13) J14-13) J13=$13) J12-13) Ul28-12 U6-6 U71-3 
U1L50-13 U74=-5 U67-12 U3-5 U174=5 


7643 18 341-0042 C13 
1 


7 AlS 
J15=17 Jl4-17) J13-17 J12-17 U3-4 147-3 U70-12 
U174-16 U6-7 
8 Ql 
U6-8 Ul31l-4 U3=8 U1l24-12 Ul17-14 
9 GND 
10 GND 
ll PCAS2* 
Pl-4 U4-7 U6-11 
12 PCAS1* 
Pl-3 U4-4 U6-12 U128-10 
13 PCASS,7* 
U4—-14 Pl-5 U6-13 
14 PCASG, 6% 
U4-13 U6-14 Pl-2 
15 AY* 
U13-14 Ull-3 U9-14 US=-14 U2-14 U153-3 U6=15 
U3-1 
16 Al4 


J15-16 Jl4-16 J13-16 J12-16 U3=-7 U147-4 vU70-9 
U6—-16 U174-4 


17 ABK3 
U6-17 Ull=-7 UlO-10 
18 +5V 
S153 16 Fl2 
l GND 
2 AX* 
U124-8 U2-2 U1l3-2 U9=2 US5=2 J17-23 
3 MUX2 
U9I=3 =U1L75=13 
4 U9=-4 §=128-11 
5 SUM2 
Ul-1 U9=5 
6 A4 


J15-6 Jl4-6 J13-6 J12-6 U9-6 U77-1 U76-1 
Ul12-2 U63-9 


15.42 


@hoppic computar inc. 


13 


14 


15 
16 


J17-6 U9-7 P16-6 


R99-1 U9=-9 Pl6—-7 


JL5-7 J14-7) JL3-7 J12-7 U9-10 U76—-2 U77—2 
U1L12-3 U63-7 


Ul-13 U9-1L1 


Ji5S“$14 J14-14 J13-14 J12-14 U9—-12 UL55=11 165-14 
U70=4 U71=-2 U1/4-6 


y9el3 UL75=12 

AY* . 

U1L3-14 Ul1-3 U9=-14 US—14 U2-14 U153-3 U6-15 
U3-1 


U1O0 2 LS399 16 AY 


l 
2 


3 


Ul0-1 U153-6 
ABKI 
U6—2 = Ul1-5 Ul0-2 
BKSWI 
U97=2 V10-3 
DAO 
J16-9 Ul0-4 U84-13 U66-2 
DAI 
J16-10 Ul0=-5 U84-8 U66—5 
BKSW2 
U97=-3 U10-6 
ABK2 
U6—-1 Ull-6 Ul0-7 U3-17 
GND 
CLKBK 
U136-8 U10-9 
ABK3 
U6-17. Ull-7 Ul10-10 
BKSW3 
u97=4 Ul10-11 
DA2 
Jl6-11 Ul0-12 U84-14 U66-11 
S5D 


R109—2 U124-1 U124-4 U124-10 Ul0-13 UL46-4 U123-4 
U123-10 U123=-13 Ul17—4 Ul1L7-5 UVIL7-6 ULII=-7 
GND 
ABK4 
Ull-15 Ul74—1 Ul0—15 U158—10 
+5V 
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Ull 2 7643 18 341-0044 Cll 


l 


2 


3 


{~~ 


U12 2 SOO 14 D12 


l 


2 


3 


4 


5 


6 


7 


ZPAGE* 

Ull=-1 Ul174-15 U67=1 U131-8 U701 
PA8 

Ull-2 U174-17 U67-3 U158—-6 
AY* 


U13=14 Ull-3 U9=14 US=14 U2—14 153-3 Ub6-15 


U3-1 
PAL5 
U135-10 Ul1l-4 U70-13 U65=25 
ABK] 
U6-2  Ul1=-5 Ul0—2 
ABK2 
U6-1 Ul1l-6 Ul0=-7 U3-17 
ABK3 
U6—17 Ull=-7 U10-10 
GND 
GND 
GND 
PRAS6./ 
Ul2-12 Ull-11 
PRAS4.5 
Ul2=9 Ull=-12 
PRAS1.2 
U12-4 Ull-13 U3—-16 
PRASO.3 
U128-5 Ull-14 Ul2-1 U3=-15 U6=-4 
ABK4 
Ull=15 Ul74—-1 Ul0-15 U158-10 
RFSH 
UL5813  Ul1-16 U126<-2 
RDHIRES 
U1l75=1 Ull-17 U3=-2 U6-3 U126-9 
+5V 


PRASO.3 

U128=-5 =Ull-14 Ul2—-1 U3=-15 U6=-4 
RAS 

U152-13 Ul5S0-$9 Ul19=-14 Ul2=2 Vl2=-5 V12-10 
RRASO.3* 

R58-1 U12=3 
PRAS1.2 

UlL2-4 Ul1=-13 U3-16 
RAS 

Ul52—-13) U150—-9 ULI9I]-14 Vl2-2 Ul2-5 UL2-10 
RRAS1.2* 


R60-1 U12=-8 
PRAS4.5 
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UlL2-9 Ull-12 


10 RAS 
U152-13 UL50-9 U119=-14 Ul2—2 Vil2-5 VL2-10 V12-13 
11 RRAS6./* 
R6l<-L Ul2-L1 
12 PRAS6./7 
U1l2-12 Ulie-ll 
13 RAS 
U152-13 U150-9 =U1l19=14 =Ul2=-2 Ul2-5 Vl2-10 Ul2-13 
14 +5V 
UL3 2 S153 16 El3 
1 GND 
2 AX* 
U124=8 U2—-2 Ul3]"-2 U9-2 US—2 Jl7-23 
3 Vi 
U121=22 U2-13 Ul118-11 U13=-5 U13=3 
4 A8& 


Ji5-10 Jl4-10 J13-10 J12-10 U67-4 U74-1 U71-6 
U2-12 Ul3-6 U13—4 


5 Vi 
U121-22 U2-13 Ul118-11 U13=-5 U13-3 
6 A8 


315-10 J14-10 J13-10 J1l2-10 U67-4 U74-1 U7/1-~6 
U2-12 U1l3-6 Ul3—4 


7 AR7 
UL3=7 ~J17=-24 
8 GND 
9 AR6 
J17-4 U13-9 P16—-5 
10 A7 


J15-9 J14-9 J13-9 J12-9 Ul3-10 U77-4 U76-6 
U71l=-7 U63<3 


il vO 
U121-23 Ul3-l1 UL18=-12 
12 UL3-12 U128=-8 
13 PG2* 
U87=9 U13-13 
14 AY* 
U13-14 Ul1-3 U9-14 US-14 U2-14 U153-3 U6=-15 
U3-1 
15 GND 
16 +5V 
Ayplf Orn 2 € 
U63 3 LS244 20 D6 MOD ee 
1 U70-15 Ul163-4 U67-15 U63-19 U63-1 
2 PAO 
U64-8 U63-2 U65-9 
3 A7 
315-9 J14-9 J13-9 J12-9 U13-10 U77-4 U76-6 
U71-7 U63-3 
4 PAI 
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19 
20 


U64 3 2332 24 B9 


1 


2 


3 


U64—7 U63-4 U65-10 


J15-8 Jl4-8 Jl3-8 Jl2-8 U2-4 U77/=-3 U76=3 
U71-10 U63-5 U71-11 


PA2 
U64-6 U63-6 U65-11 
A5 
J15—7 Jl4-7 Jl3=-7 Jl2-7 UI-1O U76=2 U77J=2 
U112-3 U63-7 
PA3 
U64—5 U63-8 U65-12 
A4 
J15-6 J14-6 J13-6 J12-6 U9-6 U77=-1 U76-1 
Ul12-2 V63-9 
GND 
PA4 
U64—4 U63-11 65-13 
A3 


J15=5 J14-5) J13"5 Jl2-5 U5-10 U109-1 Ulil-1 
U97=$35 = Ul77=-3 V9I4—3 UI5=3 U73—=35 V63—-12 


U64—-3 U63—-13 V65-14 


J15-4 Jl4-4 Jl3-4 Jl2-4 US5=-6 U101-9 U97=36 
UL77=2 U94—2 U75=2 U73=-36 U63—14 
PA6 
U64—2 U63-15 U65—-15 
Al 
J15-3 J14-3) J13-3) J12=3 =U2-10 U97-37 98-14 
UlL01-10 UL77-L U94—-1 U73-37 Us5—-1 V63-16 
PA/ 
V64—1 U63-17 U65-16 
AO 
Ji5“2 Jl4-2 J13-2 J1l2-2 U2-6 U9I7—-38 UI8=-13 
Ul0l-11 U94-13 U73=38 U75-13 UV63-18 U177=13 
U70-15 U163-4 U67/-15 U63-19 U63-1 
+5V 


a 


PA7 

U64—1 U63-17 U65—-16 
PA6 

U64—2 U63-15 U65—-15 
PAS 

U64=-3 U63-13 U65—14 
PA4 

U64—-4 U63-11 V65—-13 
PA3 

U64=-5 U63-8 U65—-12 
PA2 

U64-6 U63-6 U65-11 
PA] 
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U64—7 V63-4 U65-10 


24 


PAO 


U64—8 U63=-2 U65-9 


IDO 


U98=-18 U65—33 


IDl 
U98=19 

ID2 
U98=20 


U65=-32 


U65=31 


NO CONNECTION 


ID3 
U98=21 
ID4 
U98-22 
ID5 
U98=23 
ID6 
U9I8—24 
ID7 
U98=25 
PAI! 
64-138 
PALO 
U64~19 


065-30 
U65=-29 
U65~28 
U65=-27 


U65-26 


U144-12 


0155-6 


TROMSEL* 


U153-8 U162-13 U64-20 
ROMSEL2 


U73-3 064-21 


PAY 


097-33 
U97=32 


U97=31 


Uu97~—30 
U97=29 
U97=28 
U97=27 


U97=26 


U65-20 


U65=-19 


P19-8 


U64—-22 U155-5 U65-18 


PPA8 


U158=4 Ul52—4 UL58=5 


+5V 


U65 3 6502B 40 B8 


1 
2 


3 
4 


5 
6 


10 


11 


GND 
RDY 
J15=-21 


IRQ* 
U97=21 


NMI* 
U139-6 
SYNC 


U1l64-8 J14=-21 
NO CONNECTION 


U72=-15 
U72-16 


U72=-17 


U72-18 
U72-19 
U72=20 
U72=21 


U72-22 


U67-13 U135—-4 


U67=-10 


U67-6 


U65=17 


J13=21 


U73=-33 
U73=32 


U73-31 


U73-30 
U73=29 
U73=-28 
U73=27 


U73—26 


U64=23 


J12=-21 


U65—-4 U98-26 U97-9 U73=21 
NO CONNECTION 


U65=6 


U65-7 U136—-1 


+5V 
PAO 


U155=2 


U64-8 U63-2 U65-9 


PAI 


U64-7 U63-4 U65-10 


PA2 


15.47 


U64-9 U681 


U64—-10 


U64=-11 


064-13 
U64=-14 
U64=15 
U64—16 


U64-17 


U132=5 


U68=2 


U68=3 


U68-4 
U68=5 
U68-6 
U68-7 


U68-8 


Pl4-4 V65-2 


J15=-35 U174=-3 J14-35 J13-35 J12=-35 
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U63-6 U65—11 


12 
13 
14 
15 
16 
17 
18 
19 
20 


21 
22 


23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 


U64-6 
PA3 
U64—5 
PAS 
U64—4 
PAS 
U64=3 
PA6 
U64—2 
PA/ 
U64—1 
PPA8 
U158-4 
PAY 
U64=22 
PALO 
U64=-19 
PAl1 
064-18 
GND 
PAL2 
U65=22 
PA13 
U65=23 
PAL4 
U65=-24 
PALS 


U1L35=-10 


ID7 
U98=25 
ID6 
U98=24 
IDS 
U98=23 
ID4 
U98=22 
ID3 
U98=21 
[D2 
U98=-20 
ID1 
U98=-19 
IDO 
U98=-18 
IR/W* 
U98=28 


U63-3 U65=-12 


U63-11 


U63-13 


U63=-15 


U63=17 


J65=-13 


U65=-14 


U65—15 


U65-16 


U152=-4 


U155=5 


U155-6 


UL44=12 


U135=9 


U135-8 


U135=11 


U11=4 
U65=26 
U65=-27 
065-28 
U65~29 
U65=30 
065-31 
U65=32 
065-33 


U97=22 


NO CONNECTION 
NO CONNECTION 


PHO 


J15-19 U136-11 


R96-1 
GND 


UL58=5 U65-17 U64=-23 U132=5 


U65=18 


U65-19 


U65—-20 U67—-13 U135—4 


U70=3 


U70=6 


070-10 


U70=-13 
U97=26 
U97=27 
U97=28 
U97=29 
U97=30 
U97=31 
U97=32 


U97-33 


UL1L2-14 U73=22 U163-11 


J14=-19 J13-19 J1l2-19 U124-5 UV65-37 


U67-6 


U67=-10 


U65=25 
U72=22 
U72=21 
U72=20 
U72=-19 
U72=-18 
U72-17 
U72=16 


U72=15 


15.48 


U73=-26 
U73=-27 
U73=28 
U73=-29 
U73=30 
U73-31 
U73=32 


U73=33 


U64-17 
U64-16 
U64—15 
U64—14 
U64-13 
U64-11 


U64=-10 


U68-8 


U68=7 


U68=6 


U68—=5 


U68=-4 


U68=3 


U68=2 


U64-9 U681 


U65-34 U160—12 
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39 


40 


U66 3 S257 16 D3 


1 


2 


3 


16 


U67 3 S257 16 D8 


] 


2 
3 


U65—-40 U1l62-10 U98—-4 U97=-34 U73=-34 U75—-15 


PH2M 

P19-10 U141-5 U65-39 U176-17 
RESET* 

U173-1 
USELB 

U4-16 U6b6—-1 U69-1 
DAO 

J16-9 Ul10-4 U84-13 U66-2 
DBO 

J16-1 U66-3 U80-13 
DO 

J15-49 J14-49 J13-49 

U91-16 U66—-4 P15=2 
DAl 

J16-10 Ul0-5 U84-8 U66-5 
DBl 

J16-2 U66-6 U80-8 
D1 

J15-48 J14-48 J13-48 

U91-4 U66-7 PI15=3 

GND 
D2 

315-47 J14-47 J13-47 

U91-15 U66-9 PI15=-4 
DB2 

J16=-3 U66-10 U80-14 
DA2 

J16-11 Ul0-12 U84=14 
D3 

J15-46 J14-46 J13-46 

U91-5 U66-12 P15-5 
DB3 

J16-4 U66-13 U80-7 
DA3 

J16-12 U66-14 U84-7 
EN257 


U176-14 U66-15 U69=-15 
+5V 


ZPAGE* 
Uli-1 U174-15 U6/-1 
U67—-2 + U132-6 

PA8 


J12=-49 


J12-48 


J12-47 


U66—11 


J12=-46 


ULl-2 Ul74-17 U67-3 U158-6 


A8 


U68-19 


U68-18 


U68=17 


U68-16 


UL31-8 U70-1 


J16=-17 


J16-18 


J16-19 


J16=-20 


J15-10 J14-10 J13-10 J12-10 U6/7-4 U74=1 


U2-12 U13-6 U13-4 
Z1 


15.49 


U79=9 


U109=4 


U109-7 


U109-9 


U109=12 


U71-6 
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U72-6 U6/=5 U73-11 


12 


13 
14 


15 
16 


U68 3 8304 20 C3 
l 


2 


3 


12 


13 


PAY 
U64-22 

A9 
J15=11 
U67-7 
GND 


UL55=5 


Ji4-11 


J14=-12 


U155=~6 


U72-7 U67=-11 


All 


U65-18 


J13=-11 


J13=-12 


U65=-19 


U73=12 


Jl5-13 Jl4-13) J13=13 
U150-13 U74-5 U67=-12 


PAl1 


U64-18 U1l44=-12 V65—20 


Z3 


U72-8 U67-14 U73-13 
U70—15 Ul63-4 U67=15 


+5V 


IDO 

U98=-13 U65=-33 U97=33 
IDl 

U98=19 U65—-32 U97=32 
ID2 

U98=20 U65=-31 U97=-31 
ID3 

U98=21 U65=-30 U97-30 
ID4 

U98=22 U65—-29 U97-29 
ID5 

U98=23 U65=28 U97=28 
ID6 

U98=-24 U65—-27 U97-27 
ID7 

U98=25 U65=-26 U97=26 
EN8 304 

U176-13 U68-9 

GND 
IR*/W 

U91-3 U68-11 U158=-2 
D7 

J15=-42 Jl4-42 J13-42 

ULOI-5 U9l-7 UV69-12 
D6 

J15=43 J14-43 J13=-43 

UI1-13 U69-9 = P15=8 


U67=6 


J12=-11 


J12=12 


U67-10 


US-4 U74=—2 U71-5 


U1L28-1 


U74=3 U71=-4 


J1l2-13 Ul28-12 Ub-6 = U71=3 
U3-5  U174=-5 


U67-13 U135=4 


U63-19 


U72=15 
U72=-16 
U72=-17 
U72-18 
U72-19 
U72=20 
U72-21 


U7 2-22 


U163-10 


J12-42 


P15-9 


J12=43 


15.50 


U63=-1 


U73=-33 
U73-32 
U73=31 
U73~30 
U73=-29 
U73=28 
U73-27 


U73—26 


U68=—12 


U68=-13 


U64-9 U68-1 


U64=-10 
J64-11 
U64=-13 
U64—14 
U64=15 
064-16 


U64=-17 


J16=-24 


J16=-23 


U68—-2 


Y68=-3 


U68=4 


U68=5 


U68-6 


U68-7 


U68-8 


ULLL=12 


ULL1L-9 
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14 


15 


16 


17 


18 


19 


20 


U69 3 S257 16 D2 


1 
2 
3 


D5 
J15-44 
U9 1-6 


J16-16 


J14-44 J13-44 
U69-7 P15-7 


J14-45 J13-45 
U69=-4 = =P15~6 


J14-46 J13-46 
U66—12 P15=<5 


J14-47  J13-47 
U66-9 P15-4 


J14-48 J13-48 
U66-7 =P15=3 


J14-49 J13-49 
U66—4 P15=-2 


U66-1 U69~1 
U69=-2 U84-17 
U69-3 U80-17 


J14=45 J13=-45 
U69=-4 P15-6 


U69-5 U84=-4 
U69-6 U80—4 
J14-44 J13-44 
U69=-7 = PL5=7 
J14=-43 J13=-43 
U69-9 P15-8 
U69-10 U80-18 
U69-11 084-18 


J14=42 J13-42 


J12-44 


J12=-45 


J12-46 


J12-47 


J12-48 


J12-49 


J12=-45 


J12-44 


J12-43 


J12=-42 


U91-7 U69-12 P1L5~-9 


U69=-13 U80-3 


U153-5 U84-3 U69-14 


15.51 


U68-14 
U68-15 
U68~16 
U68=17 
U68-18 


U68-19 


U68=15 


U68-14 


U68-13 


U68-12 


J16-22 


J16=-21 


J16=20 


J16-19 


J16-18 


J16-17 


J1l6=-21 


J16=-22 


J16-23 


J16-24 


ULLI=-7 


U111-4 


U109=12 


U109-9 


U109-7 


UL09—4 


UlLL1=-4 


UL11-7 


U11L1-9 


ULL1-12 
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15 


16 


U70 3 S257 16 D7 


1 


2 


3 


‘Oo 0O 


10 


ll 


12 


13 
14 


15 
16 


EN257 
UL76-14 U66-15 U69-15 
+5V 


ZPAGE* 
Ull-1 U174-15 U67-1 U131-8 U70-1 
zh 
U72-9 U70-2 U73-14 
PAL2 
U65-22 135-9 70-3 
Al2 
Ji5-14 Jl4-14 J13-14 J12-14 U9—-12 U155—-11 165-14 
U70-4 U71-2 UL74-6 


U73-15 U/0=-5 


U65=-23 U135-8 U70-6 

Al3 
JU5-15  Jl4-15 J13-15 Jl2-15 Ul28-4 UlL55—12 U1l65—15 
U71-1 U70-7 U6-5 U3-6 U174-7 

GND 

Al4 
J15<-16 Jl4-16 J13-16 Jl2-16 U3=-7 U147-4 U70-9 
U6-16 U174-4 


PAL4 
U65—-24 U135—11 U70-10 
26 
U73-16 U70-11 
ALS 
JlS-17. Jl4-<17. J13-17 J12-17 U3=-4 U147-3 U70-12 
U174-16 U6-7 
PALS 
UL35-10 Ul1-4 U70-13 U65=25 
27 


U73=-17 U70-14 
U70—-15 U163-4 U67-15 U63-19 U63-1 
+5V 


U71 4 LS133 16 G7 


l 


Al3 
J1$-15  J14-15 J13=15 Jl2-15 U128-4 U155-12 U165=15 
U71l=-1 U70-7 U6-5 U3-6 U1/74-7 

Al2 
J15=14 314-14 J13-14 J1l2-14 U9-12 UL55=11 U165-14 
U70-4 U71-2 U174-6 

All 
315-13 314-13) J13-130 -J12-13) U128-12 U6-6 U71-3 
UL50-13 U74-5 U67-12 U3=5 UL74—5 

AlO 
J15-12 Jl4-12 J13-12 Jl2-12 Ul28-1 U74-3 U71-4 
U67=9 


15.52 
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16 


A9 

Jl§-11 Jl4-11 Jl3-11 
U67-7 

A8 


Ji2-11 


U5=4 U74=2 U71-5 


J1i5=$10 J14-10 J13-10 J12-10 U67-4 U74-1 U71-6 


U2-12 U13-6 UL3-4 
A7 


315-9 314-9 J13-9 J12-9 Ul13-10 U77-4 U/6-6 


U71-7 U63-3 

GND 

Ul12-1 U71-9 
A6 


J15-8 J14-8 J13-8 jJl2-8 U2-4 U77-3 U76-3 


U71-10 U63-5 U71-11 
A6 


J1i5s-8 Jl4-8 J13-8 Jl2-8 U2-4 U77=-3 U/6=3 


U71-10 U63-5 U71-11 
ALISW* 


U165-6 U71-12 U97-8 UL78-1 


U155=3 
C-FXXX 

U71-15 U180—-2 U71=-14 
C=FXXX 

U71-15 UL80—-2 U71-14 
C=-FXXX 

U71-15 U1l80—-2 U71-14 

+5V 


U72 4 58167 24 B3 


CO7 X* 

Ul80-6 U77=7 UlL12-13 
CLKRD 

U72=-2 U158=3 

U72-3 U112=-12 

NO CONNECTION 
ZO 

U72-5 U132-4 U73=-10 


U72-6 U67-5 U73-11 
U72-7 U6s/-11 U73—-12 
U72-8 U67-14 73-13 


U72-=9 U70—-2 U73—-14 
Y2-1 U72-10 C3=3 
C4-1 U72-11 Y2=-2 
GND 
CKIRQ* 
U72-13 R79-2 U97-40 
PDINT* 
J5-4 U72-14 


U71-13 
U7 1-13 


U71=-13 


U158-1 


15.53 


U178-13 Ul77=-15 U87~3 


Ul47-6 Ul47=-9 U165=1 
U147-6 U147-9 U165—1 


U147-6 =U147-9 =U165=1 


U72=-1 Ul50-5 0148-13 


24 


U73 4 6522 40 B6 


1 
2 


3 


IDO 

U98-18 U65-33 U97-33 U72=-15 
ID1 

U98=19 U65=32 U97—32 U72=-16 
ID2 

U98=20 U65=-31 U97-31 U72-17 
ID3 

U98=-21 U65-30 U97-30 U72-18 
1D4 

U98—22 U65-29 U97—-29 U72=-19 
ID5 

U98—-23 U65-28 U97-28 U72=20 
ID6 

U98=24 U65—-27 U97=27 72-21 
ID7 

U98=25 U65-26 U97=26 U72=-22 
PWRDN* 

U72-23 Q3-3 C2-1 R6=-2 

U72=24 Ql-l Xl-2 

GND 
ROMSEL1 

U165=10 U73-2 P19=-9 
ROMSEL2 

U73=3 U64—-21 P19-8 
PRIMSTK 

U73-4 P19=-7 U158-9 
RWPR 

U73=5 P19-6 U180-16 
RESETLK* 

U179=14 U73-6 P19=5 U139—=5 


SCRN 

U154-13 U73-7 P19=-4 
IOEN 

U73-8 P19=3 U147=10 
SELIM 

Ul80—-15 Ul74-2 UVL50-3 U73-9 
Z0 

U72=5 U132-4 U73-10 
Z1 

U72-6 U67-5 U73-11 
Z2 

U72—-7 U67=-11 U73=12 
Z3 

U72-8 U67=-14 U73=-13 
Z4 

U72-9 U70-2 U73-14 
Z5 

U73-15 U70=5 
Z6 


U73-16 U70-11 


15.54 


U73=33 


U73=-32 


U73=-31 


U73-30 


U73-29 


U73=-28 


U73=27 


U73=-26 


P19=2 


U64-9 U681 


U64-10 


U64—-11 


U64-13 


U64=-14 


U64=-15 


064-16 


U64-17 


U68-2 


U68=3 


U68—4 


U68=5 


U68-6 


U68=-7 


U68-8 
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17 
18 
19 


20 
21 


22 
23 
24 


25 


26 
27 
28 
29 
30 
31 
32 
33 


34 


35 


36 


37 


38 


39 


40 


z7 
U73=17 
SCO 
U160=3 
SER 
U73-19 
+5V 
IRQ* 
u97=21 
IR/W* 
U98=28 
FFDX* 
U112=5 


CS6522 


R68~2 
PREIM 
J12=-40 
U97=25 
ID7 
U98-25 
ID6 
U98=24 
IDS 
U98-23 
ID4 
U98-22 
ID3 
098-21 
ID2 
U98-20 
IDL 
U98-19 
IDO 
U98-18 


RESET* 


U65-40 
U173-1 


A3 


Ji5=-5 Jl4-5 J13-5 Jl2-5 U5-10 Ul09-1 


U70-14 


U73-18 Ul60—-5 Ul1Ol-1 


U160-8 


U161-9 


U65=4 U98=-26 U97-9 U73=-21 


U97=22 Ul12-14 U73—-22 U163-11 


U73=23 


J13-40 


U148-9 


U73=24 C59-1 


314-40 


U1L39-10 R9I4—1 


U65=26 
U65=-27 
U65-28 
U65-29 
V65=30 
U65=31 
U65=32 


U65=33 


U97=26 
U97=27 
U97=28 
U97=-29 
U97=30 
U97=31 
U97=32 


U97=33 


U162-10 U98—-4 


U97=24 


J15-40 


U72=22 
U72=21 
U72~20 
072-19 
U7 2-18 
U7 2-17 
U72=-16 
U72=15 


U97-34 


U119-12 U73=-25 U123-5 


U73=26 
U73=-27 
U73=28 
U73=-29 
U73=30 
U73=31 
U73=32 
073-33 


U73=34 


U65~-34 U1l60=-12 


U64—17 
U64=-16 
U64—15 
U64—14 
U64—13 
U64-11 
U64=10 
U64=9 


U75~-15 


U97=35 Ul77=-3 U94—3) U75—=3 U73=-35 U63—-12 


A2 


U68=-8 
U68=7 
U68-6 
068-5 
U68=4 
U68=3 
U68=-2 
U68-1 


U79=9 


Ulll-l 


J15-4 J14-4 J13-4 Jl2-4 U5-6 Ul101-9 U97-36 
UL77=$2 U94—2 U75=2 U73-36 U63-14 


Al 


J15-3 J14-3 J13-3) J12-3 U2-10 U97-37 U98—14 
U73-37 = U/5=-1 


UlLO1-10 Ul77=1 


AO 


U94=1 


U63=-16 


J15=2 Jl4-2 J1l3]=+2 Jl12=-2 U2-6 U97-38 V98-13 
U94—13 U73-38 U75-13 U63-18 U177=-13 

SW1 /MGNSWUF 
R85=-2 UlL69-19 U73=-39 U101-3 


ULOL<11 


LOLRQ 


15.55 
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U73-40 U155=10 


U74 4 LS138 16 J6 


] 


16 


U75 4 9334 16 H6 
1 


A8 
J15-10 J14=-10 J13=-10 
U2-12 Ul3-6 U13—4 
A9 
JUS-11 Jil4-11l J13-11 
U6/=7 
Al0 
J15—12 J14-12 J13=-12 
U6/=-9 
GPH1 
Ul62=-3 U76-4 U141=-6 
All 
J15-13) J14-13)  J13=13 
UL50-13  U74=-5 U67-12 
CXXX 
U1l76-15 U74-6 U150-1 
C7XX* 
U176-16 U74=7 
GND 
C6XX* 
Ul76-7 U74=-9 
U74-10 U176=<5 
IOSEL4* 
U74-11 Jl5=-1 
LOSEL3* 
U74-12 J1l4-1 
IOSEL2* 
U74-13 J13-1 
IOSEL1* 
U74-14 Jl2-1 
COXX* 
077-5 U74=-15 U76=-5 
+5V 


Al 


J1i2-10 U67-4 


U74-1 U71-6 


Ji2-11 US=-4 U74=2 U71=-5 


J12-12 Ul28-1 


U74=4 


U74=3 U71=-4 


J12-13) Ul28-12 U6b-6 U71-3 


U3-5 U174=5 


U147-8 


Jl5-3 Jl4-3 J13-3) Jl2-3  U2-10 U97=37 98-14 


Ul01l-10 Ul77-1 U94-1 
A2 


073-37 =U75=-1 


U63=-16 


J15-4 Jl4-4 J13-4 J1l2-4 US5-6 U101-9 U97~36 
UL77=2 U94—-2 U75=2 U73=-36 U63=-14 


A3 


Jt5—5 Jl4-5 J13-5 Jl2-5 vuS5=10 Ul109=1 Ulll-1 
U97—$35 Ul77=-3 U94]—-3  U75=3 U73=35 U63-12 


TEXT 
U87=23 U75=4 
MIX 
U87-1 U75—=5 
PAGE2 


15.56 
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U87—-4 U75-6 
HIRES 
U87-2 U75=7 
GND 
PDLO 
U105-16 U75-9 
PDL2 
U160-4 U105=2 U75=-10 
PDLEN 
Ul05=-3 U75=-11 
AXCO 
Ul61-5 U75<12 U105-1 
AQ 


J15-=2 Jl4—-2 J13=2 J12—2 U2-6 U97-38 U98-13 
Ul0l=-11 U94-13 U73=-38 U75-13 U63=18 Ul77=-13 
CO5xX* 
U77-10 U75—-14 
RESET* 
U65-40 Ul62-10 U98—4 U97=34 73-34 U75=-15 U/9-9 
U173-1 


U76 4 LS138 16 K4 


l 


12 


13 


+5V 

A4 
315-6 J14-6 J13-6 J12-6 U9-6 U77J=-1 U/76-1 
ULL2-2 U63-9 

A5 
J15—7 J14=7 J13—“7 Jl2-7 U9I-10 U76—2 U77=-2 
UL12-3 U63-7 

A6 


J15-8 J14-8 J13-8 Jl2-8 U2-4 U77-3 U76=3 
U71-10 U63-5 U71-11 
GPH1 
Ul62-3 U76-4 Ul141-6 U74-4 
COXX* 
U77-5 U74=15 U76=5 
A7 
J15=-9 Jl4-9 J13-9 J12-9 Ul13-10 U77-4 U76=-6 
U71-7 U63-3 
SEL6551* 
U98—$3 U76-7 U148=12 
GND | 
DEVSEL6* 
Y94=14 U76-9 UI1—-2 
DEVSEL5* 
UL77-14 U76=-10 
DEVSEL4* 
J15-41 076-11 
DEVSEL3* 
J14-41 076-12 
DEVSEL2* 
J13=-41 U76=-13 


15.57 


14 DEVSELI* 
J12-41 U76-14 

15 NO CONNECTION 

16 +5V 

U77 4 LS138 16 K7 

l A4 
J15-6 J14-6 J13-6 J12-6 U9-6 U77=-1 U76-1 
Ul12-2 U63-9 

2 A5 


Jl5=-7 Jl4—7 Jl3-7) Jl2=-7 U9=10 U76-2 U77=2 
Ul12-3 U63-7 


J15-8 Jl4-8 J13-8 Jl2-8 U2-4 U77=-3 U76-3 
U71-10 U63-5 U71-11 


4 A7 
J15-9 J14-9 J13-9 J12-9 U13-10 U77-4 U76-6 
U71-7 63-3 
5 COXX* 
U77=5  U74-15 U76-5 
6 GPH2 
U150-2 U77-6 162-4 
7 CO7 X* 
U180-6 U77=7 Ul12=13 U158-1 U72=-1 U150-5 148-13 
8 GND 
9 CO6X* 
U101-7 U77-9 
10 COSX* 
U77-10 U75=14 
ll CO4X* 
U77-11 U181-6 
12 SPKR* 
U173—-11 U77=12 
13 CO2X* 
J15-39 U77=-13 J14-39 J13-39- J12-39 
14 CLRSTRB* 
U106—1  U77=14 
15 KBD* 
U1l09=15  ULL1-15 U77=-15 
16 +5V 
U78 5 LS374 20 £3 
l ENHREG* 
U175=11 78-1 
2 DC7 
U79=2 U78-2 U82-14 136-4 
3 DV7 
U86-3 U78-3 U80-2 U84-2 UL36-3 U136-2 
4 DVS 
U82-3 U86-4 U78-4 81-3 U80-5 U84-5 
5 DCS 


U79=4 U78=5 U82-13 


15.58 
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DC3 


U79-10 U78=6 U82=-12 


DV3 
U82-2 
DV1 
U82=1 
DC1 
U79=12 
GND 
Q0 


U86-7 U78=-7 U8l-2 U80-6 U84-6 
U86-8 U78=-8 U8l-1 U80-9 U84-9 


U78=-9 U82-11 


UL19=13 U1L50-$10 Ul1L7—-15 U131-2 U78-11 


DCO 
U79=14 
DVO 
U82=-17 
DV2 
U82=16 
DC2 
U79=11 
DC4 
U79=5 
DV4 
U82=-15 
DV6 
U78=-18 
DC6 
U78=-19 
+5V 


U79 5 74166 16 F4 


\ 
2 


3 


4 


5 


6 


ll 


12 


GND 
DC7 

U79=2 
DC6 

U78=-19 
DCS 


U78-12 U81=-14 

U86-13 U78=-13 U8l-17 U80-12 U84-12 
U86-14 U78=-14 U81-16 U80—15 U84-15 
U78=-15 U81l=-13 
U78-16 U81-12 

U86-17 U78-17 U81-15 U80-16 U84=-16 
U86-18 U82-4 U81-4 U80-19 U84-19 


U79=-3 U8l-11 


U78=2 U82-14 U136—-4 


U79=3 U8l-11 


U79=4 U78=-5 U82-13 


DC4 


U79=5 U78=-16 U8l-12 


U153-11 


C14M 
U146-6 


U79=12 


U79=-6 


R100-1 U117-10 U119-9 U79=7 U85-11 


U162-10 U98—4 U97—-34 U73=-34 U75=-15 U79-9 


U78-6 U82-12 
U78-15 U81-13 


U78-9 U82-11 


15.59 
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14 


15 


16 


U80 5 LS374 20 F2 


1 
2 


3 


U81 5 2114 18 ES5 
1 


U85=18 Ul62-5 U79-13 U83—-4 U83-1 


U78-12 U81-14 


U79=15 U131-6 


U1L32-11 

U78-3 U80-2 U84—-2 U136<-3 U136—2 
U69-13 U80—3 

U69-6 U80—4 

U86-4 U78=-4 U81-3 U80-5 U84—5 
U86-7 U78=-7 U8i=-2 U80-6 U84-6 
U66-13 U80-7 

U66-6 vJ80-8 


U86-8 U/78-8 U8l-1 U80-9 U84-9 


U1L35=1 Yll19=-10 U1l23-11 U180-5 U98—27 


U86—13 U78=-13 U8l-17 U80—12 V84-12 
U66-3 U80-13 
U66-10 U80-14 
U86-14 U78-14 U81-16 U80-15 U84-15 
U86<-17 U/8-17 U8l-15 U80-16 U84-16 
U69-3 U80-17 
U69-10 U80-18 


U86-18 U82-4 U81l-4 Us80-19 U84-19 


U86-8 U78-8 U81l-1 U80-9 U84-9 


15.60 


U80=-11 
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U82 5 2114 138 E4 
1 


2 


3 


DV3 


U82=-2 U86-7 U78=-7 U81l-2 U80-6 U84-6 


DV5 


U82=-3 U86-4 U78=-4 U81-3 U80—-5 U84=5 


DV6 
U78=-18 


DHIRES 


U83—10 
GND 


WE2114* 


U86-18 
U175=5 
U175=-6 
U175-7 


U126-8 


U82-4 U8l-4 U80-19 U84-19 


U116-11 


U82=5 U8i=5 


U118-14 U82-6 U81-6 


U118-13 U83=-15 U83-14 U82=-7 


U82-8 U81-8 U8/—-17 


U82-10 UlL75-16 U81-10 U1L44-6 


DC6 


U78-19 U79=3 U8l-ll 


DC4 


U79=5 U78-16 U8l-12 


DC2 
U79—11 
DCO 
U79=14 
DV4 
U82=15 
DV2 
U82-16 
DVO 
U8 2-17 

+5V 


DV1 
U82=1 
DV3 


U78=15 
U78=12 
U86-17 
U86=14 


U86=13 


U8 1-13 
U81-14 
U78=-17 
U78=14 


U78=13 


U86—-8 U78-8 U8l-1 


U81-15 U80-16 U84—-16 
U81-16 U80-15 U8415 


U81-17 U80—-12 U84-12 


U80-9 U84-9 


U82=2 U86-7 U73-7 U81-2 U80-6 U84-6 


DVS 


U82-3 U86-4 U78—-4 U81-3 U80-5 U84=5 


DV6 


U78-18 U86-18 


VA 


U121=-3 U175=5 


VB 


U121-2 U175-6 


VC 
Y1l21-1 


DHIRES 


U83-10 


U175=-7 


U126-8 


NO CONNECTION 


WE2114* 


U82-4 U81-4 U80-19 U84=-19 


U116=11 


U82=-5 U81=-5 


U118-14 U82-6 U81-6 


U118-13 U83=-15 U83—-14 U82=7 


U82-8 U81-8 U8/=-17 


15.61 


U81—7 


U81-7 
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U82-10 U175-16 U81l-10 U144-6 


ll DCl 
U79=12 U78-9 U82=11 
12 DC3 
U79=10 U/78=-6 U82=-12 
13 DC5 
U79=4 U78=-5 U82=-13 
14 DC7 
U79=2 U78-2 U82-14 U136—4 
15 DV4 
U82-15 U86-17 U78-17 U81-15 U80-16 U84-16 
16 DV2 
U82-16 U86—-14 U78=-14 U81-16 U80-15 U84-15 
17 DVO 
U82-17 U86-13 U78=-13 U8l-17 U80—12 U84-12 
18 +5V 
U83 5 S151 16 J3 
1 BTO 
U88-3 U85-18 Ul62-5 U79=-13 U83-4 U83-1 
2 BTl 
U88-6 U83-2 U85-19 U85-17 
3 BTO* 
U83-3 U162-6 
4 BTO 
U88-3 U85—-138 U1l62-5 U/79-13 U83-4 U83-1 
5 BIMUX 
U85=-13 U83—=5 
6 NO CONNECTION 
7 BL 
U97-16 U83—-7 U85—-7 U126-16 
8 GND 
9 AIILORES 
U83-9 U87-16 
10 DHIRES 
U83-10 U1l26-8 U82-8 U8l-8 U8/-17 
11 INV 
U83-11 U173=5 
12 GND 
13 GND 
14 vc 
UlL2l-1 Ul75=7 Ul18=13 U83—15 U83-14 U82=-7 U81l-7 
15 vc 
Ul21—1 Ul75=7 Vl1l8-13 U83—-15 U83—-14 U82-7 U81-7 
16 +5V 
U84 5 LS374 20 E2 
l VAEN 
U84=-1 U132=3 
2 DV7 
U86—3 U78-3 U80-2 U84-2 U136-3 UJ136-2 
3 DA7 


15.62 
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20 


J16~-16 
DA5 
J15=-14 


J16-12 
DAL 
J16=10 
DV1 
U8 2-1 

GND 
c1M 

UL32-2 

U84—-11 


DV2 
U8 2-16 
DV4 
U82=15 
DA4 
J16=13 
DA6 
J16=15 
DV6 
U78=-18 

+5V 


U85 5 LS374 20 G2 


l 
2 


3 


GND 
Qo* 


U153-5 U84=-3 U69-14 

U69=5 U84—4 
U86-4 U78—-4 U81=-3 U80-5 U84=5 
U86-7 U78-7 U81=-2 U80-6 U84-6 
U66-14 U84-7 

Ul0-5 U84-8 U66-5 


U86-8 U78-8 U8l-1 U80-9 U34—9 


UL35—1 Ul1l9-10 Ul23=-11 Yl80—"5 98-27 


U86-13 U78=-13 U8l=-17 U80—-12 U84=12 
U1lN=-4 U84-13 U66—-2 

Ul0-12 U84-14 U66-11 
U86—-14 U78-14 U81=-16 U80-15 U84=-15 


U86—17 U78-17 U8l-15 U80-16 U84—16 


U69-2 U84=17 
U69-11 84-18 


U86—-18 U82-4 U81-4 U80-19 U84=-19 


UL52-12 U144-2 U85=2 


Q3 


U80-11 


J14-37) U85=3) =J15=37) = J13=-37) «=9J12-37) «=2ULIL7-12 «=R93-1 


U1LS4=2 
CIM* 
U153=-2 


U126-11 


DIM* 
U85=5 
DBL 
U85-6 
3L 
U97=-16 
H2 


UlL23=2 Ul19-11 Ul20]-2 UlL8-2 VUIL6<-2 
U85—=4 UlL44—5 U132—-12 U1L50—4 


U86=11 
U88=15 


U83-7 U85—-7 U126—-16 


15.63 


UL14=2 


U86 5S LS374 20 F3 
l 


2 


3 


> 


U88-14 
DVO 

U82-17 
DV2 

U82~16 


U5-5 U1l14-12 U85-8 


US5=-9 


R1O00-1 


U89~1 


U83—=5 


U85=-14 


U85=-15 


U85=-14 


UlLL7-10 UlL19-9 U79=7 U85=11 


U85-16 


U85-16 


U83—-2 U85-19 U85-17 


U85-18 Ul62-5 U79-13 U83=-4 


U83=2 


U86—1 
U86—2 
U78=3 
U86—4 

U86=5 
U86-6 
U86=-7 


U86-8 


U86=-9 P13=5 


U86—11 


U86—-12 P13=2 


U86-13 U78-13 U81l=-17 


U85=19 U85—-17 


P86 
U80=2 
U78=-4 
P8-3 
P13=4 
U78=7 


078-8 


U84—2 


U81=3 


U81-2 


U8i-1 


U80-5 U84=5 


U80-6 U84-6 


U80-9 U84-9 


U80=-12 


U86-14 U78=-14 U81l—-16 U80—15 


15.64 


U83=1 


UL36-3 U136-2 


U84—12 


U84—15 
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15 
16 
17 
18 
19 


20 


DX2 

U88-5 U86-15 P13=3 
DX4 

U89-13 U86-16 P8—-4 
DV4 

U82-15 U86—17 U78=-17 U81l-15 U80-16 U34-16 
DV6 

U78-18 U86-18 U82-4 U8l-4 U80-19 U84-19 
DX6 

U89=5 U86-19 P85 

+5V 


U87 5 2316 24 341-0032 G5 


l 


2 


3 


MIX 
U87=1 U75=5 
HIRES 
U87=2 U75=-7 
AIISw* 
U1l65-6 U7l-12 U97—8 Ul78=1 Y1l78-13 Ul77=-15 
U155=3 
PAGE2 
U87-4 U75-6 
VBL 
UL75=15 U87=5 U97=-$19 U97-$18 Vl21-19 V154-6 
FORCPAGE 
U87-6 P1lO=-2 J20-7 
+5V 
GND 
PG2* 
U87-9 V13-13 
SEL374 
U87=-10 U1l32-13 U132-1 
COLORKILL* 
UL47-13 U87/-11 J20-9 
GND 
AHTRES 
U88-1 U87-13 U141-1 
CH80* 
U139=-9 U153=-12 U87-14 
0E374 
U87-15 U86-1 
ALILORES 
U83-9 U87-16 
DHIRES 
U83-10 U1l26-8 U82-8 U81-8 U87=17 
NO CONNECTION 
V4 
U87-$19 Ul=-2 U154—-4 U120-12 Ul-1l 
GND 


UL20—14 U154-10 U8/7-22 


15.65 


U87=3 


@happie computer inc. 
23 


TEXT 
U87=23 U75—<4 
24 +5V 


U88 5 LS157 16 G3 


t AHTRES 

U88=-1 U87-13 Ul4l-1 
2 DX3 

U88=2 U86-6 P13=-4 
3 BTO 

U88-3 U85-18 Ul62-5 U79-13 U83=-4 83-1 
4 U89=3 U88=-4 
3 DX2 

U88-5 U86-15 P13-3 
6 BT1 

U88-6 U83=-2 U85-19 V85—17 
7 U89-6 U8&8-7 
8 GND 
9 U89=-11 U88—9 
10 BT2 

U88-10 U85=-14 U85-16 
ll DX1 

U88-11 U86-9 P13=5 
12 U89IN=14 U88-12 
13 BT3 

U88-13 U85=-15 
14 DXO 

U88-14 U86-12 P13-2 
15 DBL 

U85-6 U88-1L5 
16 +5V 


U89 5 LS399 16 H3 


l BTMUXD 
U85-12 U89I-1 
2 RGB8 
J20-5 P4=5 Pl7/=2 P3-6 PIN=3 U9ID]-11 U90<3 
U89=2 
3 U89=3 U88—4 
4 DX7 
U89-4 U86-2 P8-6 
5 DX6 
U89=5 U86-19 P8=-5 
6 U89-6 U88-7 
7 RGB4 
P4=4 P17-4 P3=-5 PlO-7 U9ID0—-4 UIDO=-10 U89I-7 
J20~4 
8 GND 
9 CKDSP 
Ul41-11 U89-9 
10 RGB2 


J20-2 P17-6 P4—3 P3-4 P1l0-6 U9I0-5 U9ID-13 


15.66 
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U89-10 

11 U89=11l U88=-9 

12 DX5 
U89-12 U86-5 P8&=3 

13 DX4 
U89=-13 U86—-16 P8&-4 

14 U89=14 U8812 

15 RGB1L 
U89-15 P17-8 P4-2 P3-3 J20-6 P10-4 U90—-6 
U90=12 

16 +5V 

U90 5 LS153 16 L8 

l GND 

2 C3.5M* 
UL35=-13 Ul19-6 Ul47-1 U9ID~—2 

3 RGB8 
J20-5 P4-5 Pl7-2 P3-6 P1l0-3 U9ID-11 UID—3 
U89=—2 

4 RGB4 
P4—=4 P17-4 P3-5 P10-7 U90-4 UID0-10 U89-7 
J20=-4 

5 RGB2 
J20-2 Pl7-6 P4-3 P3-4 Pl0-6 U9ID=5 YI9ID-13 
U89=10 

6 RGB1 
U89-15 P17-8 P4=2 P3-3 J20-6 P10-4 U90-6 
Uu90~12 

7 NTSCA 
P3-7 U90-7 

8 GND 

9 NTSCB* 
U163-9 vU90-9 

10 RGB4 
P4-4 P17-4 P3-5 P1N-7 U9ID]4 UIO-10 U89-7 
J20=-4 

ll RGB8 
J20-5 P4-5 PI7=2 P3-6 P10-3 U9ID-11 U90D=3 
U89~2 

12 RGB1 
U89=15 PIl7-8 P4-2 P3=3 J20-6 P10-4 U90-6 
U90-12 

13 RGB2 
J20-2 P17-6 P4-3 P3-4 P1l0-6 U90-5 U90-13 
U89=10 

14 C7M 
J15-36 J14=-36 J13-36 J12-36 U141-9 ULI9-2 U146-12 
u90—14 

15 GND 

14 +5V 


J91 6 LS323 20 K10 


15.67 
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14 


15 


puter inc. 


U92-7 U9Il-1 
DEVSEL6* 
U94—$14 U76-9 U91=-2 
IR*/W 
U91=-3 U68=11 
Dl 
J15-48 J14-48 J13-48 
U91-4 U66-7 P15=3 
D3 
Ji5-46 J14-46 J13-46 
U91-5 U66-12 PL5-5 
D5 
J15-44 Jl4-44 J13-44 
U91-6 U69=7 P15=7 
D7 
J15-42 J1l4-42 J13—-42 
UlLOI-5 U91-7 V69~12 
U92-2 U91-8 
U92=-9 U91-9 R66-1 
GND 
DWRPROTT 
UlL67-17 U91-11 
Q3* 
U93—9 Ul36-12 U91-12 


UL31=-5 R1O02-2 R103-1 
D6 

315-43 J14-43 = J13~-43 
U91-13 U69-9 P15-8 
D4 

J15=45 J14-45 J13=-45 

U91-14 U69-4 P15-6 
D2 

J15=47) J14-47) = =J13-47 

U91-15 U66—-9 P15-4 
DO 

J15=49 J14-49 J13-49 

U91l-16 U66—-4 P15-2 

NO CONNECTION 

U92-8 UI1-18 

U92-6 U9I1-19 

+5V 


U92 6 S471 20 341-0028 KI11 


WOON DN NHS WN ee 


U93-15 U92-1 
U92-2 U9I1-8 
U92-3 U94—11 
U163-13 U94—12 U92—-4 


Ul16l-11 U92—-5 R67=-2 
U92-6 U91-19 

U92-7 UII-1 

U92-8 UII1=-18 

U92-9 U9I1-9 R66-1 


UL58=-2 VU163=-10 


J12-48 


J12-46 


J12-44 


J12=-42 


P15-9 


U117=11 


U146-1 


J12-43 


J12=-45 


J12-47 


J12=-49 


15.68 


U68-18 


068-16 


U68=-14 


U68=12 


UL1L7=2 


U68-13 


U68=15 


U68-17 


U68-19 


J15-18 


J16-20 


J16-22 


J16=-24 


U1L17=3 


J16=-23 


J16=-21 


J16-19 


J16=-17 


U109-7 


U109-12 


ULL1-7 


UlLL1=-12 


U135=12 


U111-9 


ULL1=4 


U109-9 


U109-4 
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GND 
U93-6 U92=11 
U93-14 U9I2—12 
U93=4 U92=-13 
U93-3 U92—14 
MOTON* 
Ul79—1 V92—15 Ul78=15 R65=2 Ul64—12 U92=16 
MOTON* 
UlL79—-1 U92—-15 Ul78-15 R65=2 Ul64—-12 U92=-16 
U93=-7 U92=17 
U93=5 U92=-18 
DWRDATA 
U166-18 U92-19 U93—2 
+5V 


U93 6 LS174 16 K12 


I 


to 


WON Du S&S W 


SSB 
R1N7-2 Ul06—2 Ul106—4 Ul06-10 Ul106-13 U93—1 UI114—10 
Ul14=7 U116=5 
DWRDATA 
U166-13 U92-19 U93=-2 
U93=-3 UI2—14 
U93=4 92-13 
U93=5 U92=13 
U93-6 U92=11 
U93-7 U92=-17 
GND 
Q3% 
U93=9 Ul36—12 U91l-12 UlL7-11 Ul17=-2 U117=3 U135=12 
Ul31=5 RLO2—2 R1IN3]=-1 UlL46-1 
Ul61=-13 U93-10 
U93-12 Ul61-12 U93-11 
U93—12 Ul6l-12 U93-11 
DRDATA 
Ul66-17 093-13 
U93-14 U92—12 
U93=-15 U92—1 
+5V 


U94 6 9334 16 L13 


1 


Al 

JI5=-3 J14=3) J13-3) J12-3 U2-10 U97=37 98-14 
ULOL$10 Ul77=-1 U94—1 U73=-37 U75-1 U63=-16 

A2 ; 
J15=4 Jl4—4 Jl3-4 Jl2-4 US5=-6 UlN1-9 U97=36 
Ul77=-2 U94—2 U75=2 U73-36 U63—14 

A3 
J15=-5 Jl4"5 Jl3-5 Jl2-5 US5-10 U109]-1 Ulll-l 
U97—35 Ul77=-3 U94=3 U75=-3 U73=-35 U63-12 

VAl 

UlL66-12 U175=-4 U94=4 

VBl 


15.69 


14 


15 


16 
U96 6-8 

1 

2 


3 
4 


14 


U1lL67-12 U175=3 U94=5 
vcl 
U166-13 Ul175=-2 U94-6 
PDPH3 
UL67=-13 U94—7 
GND 
MOTEN* 
UlL64-11 U94-9 
DEXT* 
U167-18 U94—10 U178=-2 U163-1 
U92-3 =U94-11 
U163-13 U94-12 92-4 
AO 
Ji5-2 Jl4-2  J13=-2 Jl2-2 U2-6 U97—-38 U98—13 
ULO1-11 U94=-13 U73-38 U75-13 U63-18 U177=13 
DEVSEL6* 
U94—14 U76-9 UI1=-2 
IORESET* 
Jl2-31 J13=-31 J14-31 J15=31 P14-6 U164-2 U164-4 
U96—4 094-15 
+5V 


556 14 L110 
NO CONNECTION 
DT1M 
R31-1 U1l64-10 C7=-2 U96-2 096-6 
NO CONNECTION 
IORESET* 
J1l2-31 J13=31 J14-31 J15=<31 P14-6 Ul64-2 U164-4 
U96—4 U94—15 


MOTON 
U164-13 U96-5 
DT1M 
R3l-1 Ul64-10 C7=2 U96=-2 U9I6-6 
GND 
U96—-13 U96—12 U96—8 R40-2 X2-1 C181 Cl/-1 
X3-1 C75-1 
U96-9 8139-1 


U96—10 U1l62-2 U139-2 

NO CONNECTION 

U96-13 U96-12 U96—$8 R40=2 X2—-1 C181 Cl7-1 
X3-1 C/75=1 

U96—-13 U96—12 U96—-8 R40—-2 X2-1 Cl8=-1 Cl7=-1 
X3-1 C/J5=-1 

+5V 


U97 7 6522 40 B5 


1 
2 


3 


GND 

BKSW1 

U97=2 Ul10-3 
BKSW2 

U97=-3 U10-6 


15.70 
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nw 


28 


29 


BKSW3 
u97-4 Uld-11 
NO CONNECTION 
LRQ4* 
U97-6 J15=30 P2=3 U148=5 
LRQ3* 
U97-7 J14-30 P2-4 U148—4 
ALISW* 
U165-6 U71-12 U97-8 U178-1 Ul78-13 U177=15 
U155=3 
LRQ* 
U97=21 U65-4 U98-26 U97-9 U73=-21 
SNDO 
P9-7 U97=-10 
SND1 
P9=6 «(97-11 
SND2 
P9-5 97-12 
SND3 
P9=4 U97=-13 
SND4 
P9-3 U97=14 
SND5 
P9=2 =UI7=-15 
BL 
U97-16 U83=7 U85=-7 U126-16 
IONMI* 
J15-29 U97=17 314-29 313-29 U139-13 J12=-29 
VBL 
U175-15 U87=-5 U97-19 U97=18 Ul21=-19 U154—6 
VBL 
U175-15 U87-5 U97-19 U97=-18 UL21-19 U154-6 
+5V 
IRQ* 
U97-21 U65-4 U98-26 U97-9 U73-21 
IR/W* 


U98=$28 U97—-22 Ull2-14 U73—="22 Ul63—11 V65=34 U160-12 


FFEX* 

U97=23 U148=-10 UlL12-6 
CS$6522 

R68=2 U73—-24 C59-1 U97=24 
PREIM 


J12-40 J13-40 J14-40 J15-40 UL19=12 U73=25 

U97=25 U139-10 R94-1 
ID/ 

U98—25 U65—26 U97=26 U72=-22 VU73-26 U64=-17 
ID6 

U98=$24 U65=27 U97—-27 U72=-21 U73—27 U64—16 
IDS 

U98—-23 U65—28 U97=28 U72-20 U/3=-28 U64-15 
ID4 

U98=$22 U65—29 U97=$29 U72-19 U73=-29 V64—14 


15.71 


U87=3 


U123=5 


U68-8 
U68=-7 
U68-6 


U68=5 


36 


37 


38 


39 


40 


U98 7 6551 28 B2 


l 
2 
3 


4 


Orn 


12 


13 


ID3 

U98=21 U65=-30 U97=-30 U/2-18 U73=30 
ID2 

U98—20 U65=<31 U97—-31 U72-17 U73-31 
IDl 

U98=19 U65—32 U97—-32 U72-16 U73—-32 
IDO 

U98-18 U65=-33 U97=33 U72-15 U73=33 
RESET* 

U65=40 Ul62-10 U98=-4 U97-34 U73-34 

U173-1 

A3 


U64-13 U68=-4 
U64—11 U68=3 
U64-10 U68—-2 
U64-9 U68-1 


U75=-15 U79=-9 


JI5-5) Jl4-5) J13“5  Jl2-5 US5-10 UVl09-1 Ulll-1 
U97=35 Ul77=-3 U94—3 U75=3 U73=-35 U63-12 


A2 


J15-4 Jl4-4 J13-4 Jl2-4 US-6 Ul101-9 U97—36 


UlL77=2 U94—2 U75=2 U73=-36 U63-14 
Al 


J15=3 Jl4-3 J13-3 Jl2-3 U2-10 U97-37 98-14 


Ul101-10 Ul77=1 U94—-1 U73=-37 U75-1 
AO 


U63=16 


J15=2 Jl4-2 Jl3-2 Jl2-2 U2-6 U97—-38 98-13 
ULOl=L) U946—13) U73-38 U75—-13) U63-18 Ul77=13 


KBDINT* 
U106-6 U97-39 

CKIRQ* 
U72-13 R79-2 U97~-40 


GND 
+5V 
SEL6551* 
U98=3 Ul6-7 UL48-12 
RESET* 
U65—-40 U162-10 U98-4 U97=-34 U73—-34 
U173-1 
NO CONNECTION 
ACTACLK 
U98=-6 U140-5 
NO CONNECTION 


RTS* 

U99=12 U98-8 
CTS* 

U1L00-6 U98-9 
TXD* 

U99=4 98-10 
DTR* 

U99=9 §=U98=11 
RXD* 

UlL00-3 U98=-12 
AQ 


U75=15 U79=9 


J15-2 Jl4—2 Jil3-2 Jl2-2 U2-6 U97=-38 U9I8=-13 


15.72 
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U94-13) U73=38 U75=13 U63-18 U177=13 


14 


28 


u99 7 1488 14 J2 


& |W he 


U101-11 


Al 


J15-3 314-3) 313-3) 512-3 U2-10 U97=37 98-14 


U1L01-10 Ul7/-1 


+5V 
DCD* 


U100-11 


DSR* 
U100-8 
IDO 
U98-18 
IDL 
U98-19 
ID2 
U98-20 
ID3 
u98-21 
LD4 
U98-22 
IDS 
U98-23 
ID6 
U98-24 
1D7 
U98-25 
LRQ* 
u97-21 
C1M 
U132=2 
U84-11 
IR/W* 
U98=28 


-12V 


U98-16 


U98=17 
065-33 
U65—32 
U65=31 
U65-30 
U65=—29 
U65=—28 
U65—27 
U65=26 
U65—-4 


UL35—-1 


U97=22 


NO CONNECTION 
NO CONNECTION 


TXD* 


U99=4 U98-10 


+5V 
PTXD 


U172-12 U99=—6 


GND 
PDTR 


UL72-17 U99-8 


DTR* 


u99=9 U98—11 


+5V 
PRTS 


Ul72-14 99-11 


RTS* 
U99—12 


U98—-8 


U94=-1 


U97=33 
U97=32 
U97=31 
U97=30 
U97=29 
U97=28 
U97=27 


U97=26 


UL19=10 = U123=11 


UL12=14 


U73=-37 


U72-15 
U72-16 
U72=-17 
U72-18 
U72=19 
U72=-20 
U72=-21 


U72-22 


U73-22 Ul63-11 


15.73 


U75=1 


U73=33 
U73=32 
U73=31 
U73=30 
U73=29 
U73=28 
U73=27 


U73=26 


U98=$26 U97-9 U73=21 


U63-16 


U64=-9 U68-1 
U64=10 U68=-2 
U64-11 U68—=3 
U64-13 U68—4 
U64-14 U68—5 
U64-15 U68—-6 
U64-16 U68-7 


U64-17 U68-8 


U180—-5 U98=—27 U80-11 


U65-34 160-12 


U100 


U1Ol 


13 +5V 
14 +12V 
7 1489 14 K2 
l PRXD 

UL72-13 Ul100-1 
2 NO CONNECTION 
3 RXD* 

U100-3 U98-12 
4 PCTS 

R87=2 U172=15 
5 NO CONNECTION 
6 CTS* 

U100-6 U98=-9 
7 GND 
8 DSR* 

U100-8 U98=-17 
9 NO CONNECTION 
10 PDSR 

R88=-2 U1/2=-16 
ll DCD* 

UlL00-11 U98-16 
12 NO CONNECTION 
13 PDCD 

R89=2 U1/72=-18 
14 +5V 
7 L8251 16 L/7 
] SCO 
2 SW2UF 

UlLOl=-2 Ul169-14 
3 SW1 /MGNSWUF 
4 SWOUF 

UlLO1-4 U169-13 
>) D7 
6 NO CONNECTION 
7 C06 X* 

Ul01-7 U77-9 
} GND 
9 A2 
10 Al 

U101-10 Ul177=1 
11 AO 


U160-3 U73-18 Ul60-5 UlNl-1 


R85=-2 U169-19 U73=-39 U101-3 


J15=42 Jl4-42 Jl3—=42 J12=-42 
Ul101-5 U91-7 VU69-12 P15-9 


U100-4 


U100-10 


U1L00=13 


U68-12 Jl6—24 Ulll-12 


JU5-4 Jl4-4 Jl3-4 J1l2-4 US5-6 U101-9 U97—36 
UL77=-2 U94—2 U75=2 U73-36 U63—-14 


J15-3) J14=3) J13]2*3) J12-3 «=U2-10 U97=37 98-14 


U94—1 


U73-37 U/75-1 U63-16 


Ji5-2 Jl4-2 Jl3-2 Jl2-2 U2-6 U97-38 U98=-13 
UlLOIl=11 U94-13 U73=-38 


15.74 


U75-13 U63-18 U177=-13 


~. Y103 


U105 


12 


13 


14 


=. 
oN 


COND & WN &— ~J 


7 
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MUX] 
Ul101l-12 WU175-14 UvU5=13 
PDLOT* 
U101-13 Ul105-7 R57=2 
IRQI* 
Ul101-14 J12-30 P2-7 U148-1 
LRQ2* 
U101-15 J13-30 P2-6 U148-2 
+5V 


380N-8N 8 M11 


NO CONNECTION 
C78-1 Ul03—2 R34—-2 R36-1 


R69=2 V103-6 
+12V 


C13=-1 U103-8 


9708 16 M9 


AXCO 

Ul61l=-5 U75=12 U105-1 
PDL2 

U160-4 Ul05=2 U75=10 
PDLEN 

U105=3 U75=-11 

TCAP 

C15=1 U105—=4 

GND 

Ul105-6 R39-2 C9I=1 
PDLOT* 

ULOL-13 Ul05—=7 R57/=-2 
U105-8 R37-2 R38-1 C76-1 

NO CONNECTION 

R9=1l Tl-1 Xl=-1 Ul05=-10 
Y1/XCOUF 

Ul61-6 Ul69-17 UlO5—-11 
PX1/SER 


U105—12 Ul61-8 Ul60-9 U169-18 


YOUF 
U105=-13 U1l69=15 
+5V 
XOUF 
U105-15 U169-12 
PDLO 
U105-16 U75=-9 


U106 8 LS74 14 Hil 


l 


2 


CLRSTRB* 
U106—1 U77=14 
SSB 


15.75 


U107 


R107=2 Ul06-2 U106—4 U106—10 U106-13 U93-1 
Ul14-7 U116=5 

3 U139-3 U106-3 

4 S5B 
R107=2 Ul06—-2 U106—4 U106-10 U106-13 U93-1 
U114-7 U116—-5 


5 Ul06-5 Ulli-14 
6 KBDINT* 
U106-6 U97-39 
7 GND 
8 NO CONNECTION 
9 KAPPLEII* 
U106-9 X3-2 U111-6 
10 S5B 


R107-2 Ul06—2 U106—4 U106-10 U106—13 U93=1 
U114-7 U116-5 


Ll ANYKEY 

Ul107-4 R40-1 X2-2 Ul06—-11 U109—3 
12 APPLEII* 

J7-5 Pll=-5 Ul106—12 U164=5 
13 SSB 


R107=2 U106—2 Ul106—-4 U106-10 U106-13 U93-1 
U114=7) U116-5 


14 +5V 
8 AY3600 40 H14 
l Cl6-1 U107-1 
2 Ul07=$2 Cl6-2 R47=2 
3 U1LO7-3 R47-1 
4 ANYKEY 

UlLO7-=4 R40-1 X2=-2 Ul06-11 UlL09—3 
5 NO CONNECTION 
6 KSHIFT* 

U107-6 U109-6 
7 ASCII? 

ULO7-7 =ULLI-13 
8 ASCII6 

U107-8 Ulll-1ll 
9 ASCIL5 

UlL07-9 Ull1-5 
10 ASCII4 

U107-10 Ulll-2 
ll ASCIL3 

ULO7=11 UlLO9I-14 
12 ASCII2 

ULO7-12 UV109—-11 
13 ASCIT1 

U107-13 U109=5 
14 ASCIIO 

U107-14 V109=2 
15 GNDF 
16 DTRDY* 


15.76 


U11L4=-10 


U114-10 


U114=10 


U114=-10 
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U107-16 Ul62-1 


17 KYO 

J7-1 Yl07-17 
13 KY1 

J7-2 Vl07-18 
19 KY2 

J7-4 v107-19 
20 KY3 

J7-6 U107-20 
21 KY4 

J7-8 Ul107-21 
22 KY5 

J7-10 U107=22 
23 KY6 

J7-23 U107=23 
24 KY7 

J7=25 U107-24 
25 KY8 

J7-12 U107=25 
26 KY9 

J7=-22 U107-26 
27 ~12FV 
28 CONTROL* 

J7-11 Ul79=$13 UVl07—-28 UlL09-10 Pll-2 
29 SHI FT* 

J7-24 Pll-6 Ul0/-29 
30 +5FV 
31 U107<31 C22-1 
32 NO CONNECTION 
33 KX7UF 

UlL71-14 U107=33 
34 KX6UF 

U171-19 U107-34 
35 KXSUF 

Ul71-16 Ul107=35 
36 KX4UF 

U171-18 U107-36 
37 KX3UF 

UL71-17 U107-37 
38 KX2UF 

U171-13 U107=-38 
39 KX1UF 

UL71=-15 UlLO/=39 
40 KXOUF 


U1L71-12 U107=40 


U109 8 LS257 16 J12 
L A3 
J15-5 J14-5 J13-5 J12-5 US-10 Ul09-1 UllI-1 
U97=-35 Ul77=-3 U94=-3 U75=3 73-35 63-12 
2 ASCILO 
U1L07-14 109-2 
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Ulll 


8 LS257 16 
Ll 


ANYKEY 
UlLO7=$4 R40-1 K2-2 U106—-11 U109—-3 
DO 


J15-49  J14=49 J13=49 312-49 U68-19 Jl6=17 


U91-16 U66-4 PL5=-2 
ASCII1 

U107-13 U109-5 
KSHIFT* 

Ul107-6 U109-6 

D1 


J15-48 J14-48 J13=-48 J12-48 U68-18 J16-18 


U91=-4 U66=-7 P15=<3 
GND 
D2 


J15-47 = Jl4-47) = J13—47) = J12-47 «=U68-17) =—9J16-19 


U91l-15 U66-9 PI15=4 
CONTROL* 


J7-11 Ul79-13 Ul07-28 UVl09-10 Pli-2 


ASCII2 
U1L07-12 Uid9-11 
D3 


J15-46 J14-46 J13-46 J12-46 U68-16 J16-20 


U91-5 U66—12 P15=5 
CAPLCK* 

J7-9 Plil=3 U109=13 
ASCITI3 

Ul07-11 U109=-14 
KBD* 

U109]$15 Ulli=15 9 U77=15 

+5V 


A3 


UL09=4 


U109=7 


U109-9 


U109=12 


J15-5 Jl4-5 J13-5 J1l2-5 U5-10 U109-1 Ulll-1 


U97=35 Ul77=-3 U94—=3 U75=3 U73=35 U63—-12 


ASCII4 

Ul07=$10 Ull1=-2 
APPLE1* 

J7-7 Pll-4 ULLI=3 
D4 


J15-45 J14-45 J13=45 J12-45 U68-15 J1l6-21 


U91-14 U69=-4 P15=-6 
ASCII5 

U107-9 Ul11=5 
KAPPLEII* 

U106-9 X3=-2 U111-6 
D5 


UL1L1-4 


J15-44 Jl4-44 J1l3"-44 Jl2-44 U68-14 Jl6-22 U1ILI1=-7 


U91-6 U69-7 P15-7 
GND 
D6 


J15=43 314-43) J13-43 = J12-43 =U68-13 =J16-23 —«U1LL1-9 
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U9I1-13 U69-9 P15-8 


U1l12 


UL13 


10 
11 


12 


13 


14 
15 


16 
4 LS139 16 


1 
2 


16 


8 556 14 A5 


QI-3 =R43-1 
ASCII6 


U107-8 Ulli-1il 


D7 


U111=-10 


J15-42 Jl4-42 J13-42 Jl2-42 U6812 Jl6—-24 U1L1=-12 
U101l-5 U91=-7 U69=12 P15-9 


ASCII7 


U1L07=7 =UlL1L1=-13 
U106—5 U1l11-14 


KBD* 


U109$15 Ull1-15 U77=15 


+5V 


Ul1L2-1 U71-9 


J15-6 Jl4-6 J13-6 J12-6 U9-6 U/7=-1 


Ul12=-2 U63-9 


J15=7 Jl4-7 J13=7) Jl2=-7 Y9-10 U76~2 


ULL2-3 U63-7 
FFCX* 


U165=-7 Ul12—4 


FFDX* 


Ul12-5 U73=-23 UL48-9 


FFEX* 


U97=23 U148=-10 U112-6 


NO CONNECTION 
GND 

NO CONNECTION 
NO CONNECTION 
NO CONNECTION 


U72=3 Ul12=-12 


CO7 X* 


U76=1 


U77=2 


UlL80-6 U77=7 Ul1l2-13) ULS5S8-1 U72—1 UlS50—5 U1L48=13 


IR/W* 


U98=$28 U97-22 Ul12-14 U73=-22 V163-11 


LOSTOPD* 


UL23-9 Ul12-15 U180-3 


+5V 


NO CONNECTION 
UPRST* 
C20-1 U113-6 
NO CONNECTION 
+5V 
TRESET 
ULL3-5 RI2—1 
UPRST* 
C20-1 Ul13=6 


UL13—-2 R44-2 K4=-2 X6-1 


Ull3="2 R44=2 X4=-2 X6-1 


15.79 
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U114 


U116 


9 LS161 16 
l 


SOU & WD 


oO OC 


10 


ll 


12 


13 


14 


15 
16 


9 LS161 16 
l 


in & 


GND 


Ul13-8 R46-2 Ul13—-12 C21-1 


FLASH 
U1L13-9 
+5V 


U136=-5 


NO CONNECTION 
Ul13-8 R46-2 U113-12 C21-1 
Ul13=-13 R45—-2 R46—1 


+5V 
F10 
UUTRST* 
U124-13 Ul19—1 Yl23-1 R53-2 Ull4-1 J21-3 Ul116-1 
U120-1 Ul1l8-1 Ul117-1 
CIM* 
U153=2 U123=2 Ul19=11 Ul20=-2 Ul18=2 Ul116-2 U114—-2 
UL26—11 U85=4 U144—5 U132-12 U1L50—=-4 
GND 
GND 
GND 
GND 
S5B 
R107=2 Ul106—-2 U106-4 U106—10 Ul06-13 U93-1 V114-10 
ULL4=7 U116=5 
GND 
HPE* 
U135=3 U152-2 Ul14=-9 Ul116=—9 UL16—12 
S5B 
R107-2 U106-2 Ul106-4 Ul106—-10 U106-13 U93—-1 U114-10 
U114=-7. UL1L6—-5 
H3 
U1l14-11 Ul=-5 U121-6 
H2 
U121=7 U5=5 Ul14-12 U85=8 
Hl 
U114-13 U2-11 U155=-9 
HO 
Ul14=<14 U2=5 
U116—10 U114-15 U116-7 
+5V 
Fll 
- UUTRST* 
U124-13 Ul19-1 Ul23—-1 R53=2 Ull4-1 J21-3 UL16—-1 
U120-1 Ul18-1 Ull7=-1 
CIM* 
U153—2 U123=2 Ul119=11 U120-2 U118-2 UL16-2 UL14-2 
U1l26-11 U85=4 U144-5 U132-12 U150-4 
GND 
GND 
S5B 
R107=2 U106-2 U106—4 U106-10 U106-13 U93=-1 U114-10 
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Ull7 


15 
16 


Ul14-7 Ul16=5 
COME 
UlLl6-6 Ul21l-17 U1L1L8-3 
U1l16—-10 U1l14-15 U116-7 
GND 
HPE* 
U135-3 UIS2-2 U114-9 U116-9 Ul1l6—12 
U116-10 Ul14-15 UlLL6-7 


U121-3 U175=-5 Ull6—11 U82=-5 U81-5 
U135-3 ULS2-2 Ul14-9 U116-9 U116-12 
Ul21-4 Ul-14 U116-13 


Ul21-5 Ul=-3 U116-14 
UL18-5 Ul16—-15 UL18-10 U118-7 


9 $195 16 DIO 


| 


10 


ll 


UUTRST* 

UlL24—13) UlL19]=1 UlL23—1 R53-2 Ul14-1 J21-3 Ul16-1 
U120-1 UL18-1 Ull7-1 

Q3* 
U93-9 Ul36—12 U9l-12 UlL7-11 Ull7=-2 Ul17-3 U135—-12 
UL31-5 R102-2 RIN3=-1 U146-1 

Q3* 
U93-9 UlL36—$12 U91l]12 Uli7-11 UlL7—2 Vl1l7=-3 U1L35—-12 
U131-5 R1O2-2 R1IO3-1 UlL46-1 

S5D 
R109=2 =U1l24-1 Ul24-4 U1l24-10 Ul0-13 U146-4 U123-4 
U1lL23=-10 Ul23-13) Ul17-4 Ul17-5 ULI7-6 UlLI7=7 

S5D 
R1l09=2 U1l24-1 U1l24—$4 U1l24-10 Ul0-13 U1l46-4 UL23=-4 
UL23-$10 Ul23=$13 UlL17=4 Ul17-5 UlL17=-6 ULI7=7 

SSD 
R109=2 Ul24=-1 Ul24—4 U1l24—10 Ul0-13 U1L46-4 U123-4 
U1L23-10 9 %VU123—-13 Ul17-4 UllI7=-5 ULI7-6 ULI7=7 

S5D 
R109=2 = Ul24—1 U1l24—-4 Ul24-10 Ul0-13 U146—-4 U123-4 
U123-10 U123-13 Ul17-4 Ul17-5 Ul17-6 ULIL7=7 
GND 

LDPS* 

Ul17-9 U79-15 U131-6 

C14M 
U146—-6 R100—-1 UL117-10 U119-9 U79-7 U85—-11 

Q3* 
U93-9 U136—-12 U91-12 Ul17-11 UlL7-2 UlL7=-3 U135—-12 
U131-5 R102-2 R103-1 U146-1 

Q3 
J14-37 U85=3 J15-37 J13-37) Jl2-37) Ull7-12 R9I3-1 
U154—2 
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NO CONNECTION 


4 Ql 

U6—-8 U1l31-4 U3-8 U124—12 U117=-14 
15 QO 

U119—$13 Ul50-10 Ul17-$15 U131-2 U78-11 
16 +5V 


U118 9 LS161 16 Gll 
l UUTRST* 
Ul124-13 ULI9—-1 Ul23-$1 R53—2 UlL14-1 J21=-3 U116-1 
Jl20—1 Ul1l81 Ull7-1 
2 CIM* 
UL53—2 Ul23—-2 Ul19-11 Ul20-2 UlL18-2 Vll6-2 U114=-2 
Ul26—11 U85=4 Ul44—5 U132-12 U150—4 


3 COMP 
U116-6 Ul21=-17 U118=-3 
4 GND 
3 U118-5 U1l16-15 U118-10 U118-7 
6 $5060 


UlL20—-3 Ul21-15 U118-6 


7 U118-5 Ul16-15 U118-10 U118=-7 
8 GND 
9 UUTSUNK* 
J19—-1 Ul118-9 Ul62-8 U120-9 
10 Ul1L8-5 Ul1l6—15 U118-10 U118=-7 
ll v1 
Vl21=22 U2-—l3 Ull8-11 U1l3=-5 13-3 
12 vO 
U121-23 Ul3=-11 U118=-12 
13 vc 
Ul2l—1 Ul75-7 Vl1l8-13 U83-15 U83-14 U82-7 81-7 
14 VB 
Ul21-2 Ul75-6 Ul118-14 U82-6 U81-6 
15 UlL20—5 = UlLL8-15 Ul20—-4 U120-10 U120-7 
16 +5V 


ULL9 ; S175 16 Bl2 
UUTRST* 
Ul24-13 Ul19—1 Ul23—$1 RS53=2 Ull4-1 J21-3 UL1L6=-1 
Ul20-1 Ul18-1 UL17-1 


2 C7M 
J15-36 = J14-36 JI3-36 J12-36 U141-9 ULL9=2 U146-12 
U90—14 
3 C7M* 
U119=3 Ul53-13 U119—=4 
4 C7M* 
U119=3 U153-13 U119=-4 
b) Ul19-5 =U146-11 
6 C3.5M* 
U1L35-13 Ul119-6 Ul47-1 U90—2 
7 C3.5M 


U132-10 Ul41-10 U146-13 U119=7 J20-3 
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8 GND 

9 C14M 
Ul46-6 R100-1 UL17-10 Ul119=9 U79=-7 U85—-11 

10 C1lM 
U132=-2 V135=-1 UL19=10 Ul23-11 UlL80-5 U98-27 U80-11 
U84—-11 

ll CIM* 


U153=2 U123-2 Ull9-$11 Ul20-2 Ul18=-2 Ul16—-2 U114=2 
Ul26—-11 U85=4 U1l44—5 U132-12 U1L50—4 

12 PREIM 
J12-40 J13-40 J14-40 J15=40 U119-12 U73—=25 U123—5 
U97=25 U139-10 R9I4—1 


13 QO 
U119-$13 U150-10 Ul17-15 Ul131l<-2 U78-11 
14 RAS 
U152-13 UlS029 Ull9I|!=14 Ul2—2 Vl2-5 UVl2-10 Ul2=13 
15 NO CONNECTION 
16 +5V 


U120 9 LS161 16 Gl2 
l UUTRST* 
U124-13) ULL9]=1 =Ul23—1 R53-2 Ull4-1 J21-3 UL1L6-1 
UlL20-1 Ul18=-1 Ull7=-1 
2 CIM* 
U1L53—-2 U123—-2 ULI9—11 Ul20—-2 UlL18=-2 UVUlLl6—-2 UV1L14=-2 
U126—11 U85=4 Ul44—5 U132—12 U150=4 


U120-3 Ul21-15 U1138-6 


4 U120—-5 UlL8=$15 UL20—-4 UlL20-10 U120-7 
5 UlL20=]{5 U1L1L8-15 Ul20-4 Vl20-10 U120-7 
6 GND 
7 U120-5 = UL1L8=-15 Ul20-4 UL20-10 U120-7 
8 GND . 
9 UUTSUNK* 

J19=1 Ul18-9 Ul62-8 U120-9 
10 U120-5 Ul18-15 U1l20-4 Ul20-10 U120-7 
11 V5 

Ul20—-11 U154-9 
12 V4 

U87-$19 Ul=2 U154-4 Ul20-12 Ul-11 
13 V3 


U120-13 Ul=15 U154=-5 U1-6 


14 V2 

U120-14 Ul54-10 U87=22 
15 UlL62-9 UlL20-15 
16 +5V 


U121 9 2316 24 341-0030 G9 


1 vc 
UL21l-1 Ul75=7 U118=-13 U83—-15 U83-14 U82=-7 U8l-7 
2 VB 


UlL2Z1—-2 Ul75=6 U118-14 U82-6 U81-6 


15.83 
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24 


VA 

U121-3 Ul75=5 Ull6-11 U82-5 U81-5 
H5 

Vi21=-4 Ul-14 U116-13 
H4 

U121-5 Ul-3 Ul16-14 
H3 

Ull4-11 Ul-5 U121-6 
H2 

UlL2l=7 US5=5 Ul1l4-12 U85-8 
V2*V5 

Ul21-8 U154-8 U5=3 
RSYNCH 

U121-9 U126<4 
RCOLRGT 

U121-10 U126-7 
RTCWRT 

U126-13 = Ul21-11 

GND 
RBL 

Ul21-13 U154=12 
RRFSH 

U121-14 U126-3 
$5060 

UL20—-3 Ul21-15 0118-6 
RF ITELD 

Ul21-16 U126-18 
COMP 

Ul16-6 Ul21l=-17 U118=3 
FIELDIN 

J19-3 Ul21-18 R63—1 
VBL 


U175-15 U87=5 U97-19 U97-18 U121-19 U154—-6 


Ul21-22 U2—-13  Ul18-11 Ul3=-5 U13-3 
vO 

U121=-23 Ul3-11 U118=-12 

+5V 


U123 9 S74 14 Dll 


l 


UUTRST* 

U124-13  ULL9=1 U1l23—1 R53-2 U114-1 
Ul20—-1 Ul18-1 Ul1l7=1 

CIM* 


UlL53—2 UlL23=—2 Ul19—11 Ul20—-2 UlL8=$2 UV1l16-2 U114-2 


Ul26—11 U85=4 U144—5 U132-12 VU150=4 
AX 

U124-9 U123-3 
SSD 


R109=2 Ul24-1 Ul24—4 Yl24—10 Ul0—13 U1l46=-4 U123=-4 


15.84 
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U124 


U123-10 U123-13 Ul117-4 Ul17=-5 Ul17-6 ULI7=7 


5 PREIM 
312-40 J13-40 J14—40 Jl5=-40 Ul119=-12 U73=25 U123=5 
U97=25 U139-10 R94-1 

6 PRE 1M* 
J12-38 J13-38 J14-38 J15-38 U123-6 R95-1 

7 GND 

8 NO CONNECTION 

9 LOSTOPD* 
U123-9 U112-15 U180=3 

10 S5D 
R109=2 U124-1 U124-4 U124-10 Ul0-13 UlL46—4 U123-4 
U123-10 U123—13 Ull7-$4 Ul1l7-5 Ull7-6 Ull7-7 

ll C1M 
U132—2 Ul35=1 UYLI9-10 U123—11 Ul180-5 U98—27 U80~11 
U84=11 

12 FSPACE* 
U1l80-1 Ul76—-1 Ul65=—12 U123-12 U1L48-8 

13 S5D 
R109=2 Ul24-1 U124-4 U124-10 Ul0-13 U146-4 U123—-4 
U123=10 U1l23-13 UL17—4 Ul17=5 UV117-6 U117-7 

14 +5V 

9 $74 14 All 

l S5D 
R109=2 Ul24-1 U124-4 U124-10 Ul0-13 U146-4 U123—=4 
U123-10 U123-13 Ul17-4 Ul17=-$5 U117=6 UIL17=7 

2 U124-2 U152-8 

3 U124=-3 U146=3 

4 S5D 
R109=2 Ul24-1 Ul124<4 Ul24-10 Ul0-13 U146-4 U123—=4 
Ul23-10 U123-13 U1L7-4 Ul17=5 ULL7-6 UL17=-7 

5 PHO 
Je5-19 UlL36—1L1 J14-19 J13-19 Jl2-19 U124-5 65-37 
R96—-1 

6 NO CONNECTION 

7 GND 

8 AX* 
U124-8 U2—-2 U13=2 U9=-2 US<2 J17=23 

9 AX 
U1l24=9 U123=3 

10 S5D 
R109=2 Ul24-1 U124-4 U124-10 Ul0-13 U146-4 U123—=4 
U123=10 U123=13 Ul17=4 UlL17=5 Ul17-6 U117-7 

11 C14M* 
Ul41-13 Ul46-8 U124-11 J21=2 

12 Ql 
U6-8 U131-4 U3-8 U124-12 UL17=14 

13 UUTRST* 
Ul246$13 Ul19-1 Ul23-1 RS3-2 UlL4-1 J21-3 Ul16-1 
U120-1 Ul18-1 VJ117-1 

14 +5V 
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U126 9 LS374 20 G10 


U128 


Jl5-12 Jl4—12 Jl3-12 Jl2=12 U128-1 


U1l28=-2 U128-13 Pl-6 U3-11 


Ji5-15 Jl4-15 J13=-15 J12=15 
U70—7 U6e-5 U3-6 UL74=7 


U119=11 


Pl7-10 Ul26-5 P3=-2 P46 


U82-8 U81-8 U87=-17 


U3-2 U6-3 U126-9 


U120—]-2 UlL8=-2 UlLl6—2 V114—=2 


U85=4 Ul44—5 U1l32-12 U150=-4 


J154=11 


l GND 
2 RFSH 

U158-13 Ul1l-16 U126—2 
3 RRF SH 

U121-14 U126-3 
4 RS YNCH 

U121-9 U126-4 
5 SYNCH 

J20-1 
6 COLRGATE 

J20-8 U147=2 U126-6 
7 RCOLRGT 

U121-10 Ul26-7 
8 DHIRES 

U83-10 U126-8 
9 RDHIRES 

UL75=1 Ull-17 
10 GND 
Il CIM* 

UL53=-2 UV123=-2 

U126=11 
12 TCWRT 

U126-12 U1l44=4 
13 RTCWRT 

U126-13 Ul121=-11 
14 U126-14 U152=1 
15 U1L58-12 U126—15 
16 BL 

U97-16 
17 U126—17 U1L52=3 
18 RF TELD 

Ul21-16 U126-18 
19 FLELDOUT 

U126-19 J19=2 
20 +5V 
2 S86 14 E10 
l Al10 

U67=9 
2 PCAS 3* 
3 U5=12 V128=3 
4 Al3 

U7 1-1 
3 PRASO.3 

U128=5 Ul1-14 U12-1 
6 U128=-9 U128=-6 


a | 


GND 


U3=-15 


U83—-7 U85-7 U126-16 


U74=3 U/1=4 


U4=—8 


U128=4 U1S55<12 UL65—=15 


U6—4 
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U1L31 


U132 


14 


U13-12 U128-8 
U128-9 U128-6 
PCAS 1* 


Pl=3 U4-4 U6-12 U128-10 


U9=-4 V128-11 
All 


J15-13) 314-13) J13-13) J12-13) U1l2Z8=-12 Ub-6 U71=-3 
UL50—13 U74=-5 U67—-12 U3=-5 U174=5 


PCAS 3* 


U1i28=2 = Vl28-13 Pl-6) =6U3-11 


+5V 


3-9 LS51 14 Bll 
U152-6 U144-10 U131l-1 


ll 
12 
13 


14 


3-5-7 LS86 
} 


2 


Om a 


QO 


U4—8 


UL19=13 Ul50-10 Ul17-15 UlL31-2 U78=11 


U1L31-3 U135—-5 
Ql 


U6-8 U1L31—-4 U3—-8 U124—12 UIL117=-14 


Q3* 
U93-9 136-12 
U131-5 R102-2 
LDPS* 
U1L17=9 U79=15 


U1L74=15 
UL31-11 U163-6 
DMA | 
U1L31l=-11 
DMAIL 
UlL31l-11 Ul63-6 
U135-6 U131=-12 
U144-9 U131-13 

+5V 


U163-6 


14 D4 
SEL374 
U87-10 U132=13 
C1M 
U132-2 U135-1 
U84-11 
VAEN 
U84-1 
ZO 


U132=3 


U67=-1 


U91-12 Ull7—11 
R103-1 


U146=1 


U131~-6 


Ul17-2 Ul17=-3 U135—12 


U131-8 U70=-1 


U131-10 U131-9 U160-13 


U131-10 UL31-9 
U131-10 U131-9 


U155=4 


U132-1 


U119=10 U123-11 


U72=5 U132-4 U73-10 


PPA8 


UL58—-4 U1l52-4 U158-5 U65-17 


U67=2 U132-6 
GND 
Ul40-3 U132-8 


15.87 


U160=-13 


U160-13 


UL80—5 U98=-27 U80-11 


U64—-23 U132-5 
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9 DH2 
J132=9 U85=-9 
10 C3~.5M 
U132-10 U1l41-10 U146-13 U119=7 J20=-3 
ll VBEN 
U80-1 U132-11 
12 CIM* 


UL53—=2 Ul23=2 UlLI=-11 Ul20]—2 Ul18-2 Ull6-2 ULL4=-2 
Ul26—11 U85—-4 Ul44-5 U132-12 U150=-4 


13 SEL374 
U87-10 U132-13 U132=1 
14 +5V 
U135 3-9 LS260 14 C9 
1 C1M 
U132=2 Ul35=1 UlL19I210 Ul23—11 Ul80—5 U9I8=27 U80-11 
U84—-11 
2 HPEDIS 
U135—-2 J2l-1 R54-1 
3 HPE* 
U135-3 ULl52-2 UlL4-9 U116-9 Ul16<-12 
4 PALI 


Y64—18 Uil44-12 U65=-20 U67=-13 U135—4 


5 UL31=-3 135-5 
6 U135-6 U131-12 
7 CND 
3 PA13 
U65-23 U135-8 U70-6 
9 PAL2 
U65-22 U135-9 U70-3 
10 PALS 
U135-10 UlL1-4 U70-13 vU65-25 
11 PAL4 
U65-24 U135-11 U70-10 
12 Q3* 
U93—-9 U136-12 U91-12 Ul17-11 ULL7-2 UVl1I7-3 U135-12 
UL31-5 R102-2 RIO3-1 Ul146-1 
13 C3.5Mx 
U135-13 U119-6 Ul147-1 90-2 
14 +5V 


U136 2-5 LS51 14 H4 


l SYNC 
U65=-7 U136—1 J15=-35 U174=-3 J14-35 J13=-35 Jl2=-35 
2 DV? 
U86—-3 U78=-3 U80—-2 U84—-2 V136<-3 U136—-2 
3 DV? 
U86—3 U78=-3 U80-2 VU84—-2 U1L36-3 U136—2 
4 DC7 
U79=2 U78=-2 U82-14 U136—4 
5 FLASH 


UL13=-9 U136—-5 


15.88 


U139 


U140 


ll 


12 


\3 
14 


u10=-9 


U165=11 


U160-11 


U136-10 U147=5 U174=-12 


PHO 


J15-19 U136-11 


R96=1 
Q3* 


U93-9 U136—12 U9l-12 Ull7=-11 
U131-5 R1O2-2 R1ON3-1 


NO CONNECTION 


+5V 


5-8 LS132 14 HILO 
U96-9 U139=1 
U96-10 Ul62=2 U1L39—2 


Ooen~ 


10 
ll 
12 
13 
14 
me S74 14 


2 
3 
4 


“SO 


U139=3 
U139=-4 


U106=-3 
U139-11 


RESETLK* 
U179-14 U73-6 P19=5 U139=5 


NMI* 


J14-19 J13-19 Jl2-19 U124=5 


Ul1l7=2 UL17=3 
U146=1 


U65-6 U1L55—2 


U154-1 


U153-12 U87=-14 


J13-40 


U139-10 


U139=11 


U139-12 R80-1 


IONMI* 


J15=29 
+5V 


D5 
S5C 
R1LO8=—2 
U140-6 
U140=3 
S5C 
R108=2 


ACTACLK 
U140=5 


U98=6 
U140=-6 
GND 


U97=17 


U140-1 
U140=2 
0132-8 


U140—1 


U140=2 


J14-40 J15=-40 Ul19=12 U73-25 
RI4=1 


C7l-1 Ul79—-15 J7=-15 


J14=29 J13-29 U139=13) J12=-29 


JL40—-4 U140-10 U140-13 


U140-4 U140—-10 U140—13 
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J14-18 J13-18 J1l2-18 U3=-3 U136-9 U180-17 
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8 NO CONNECTION 
9 U152-9 U140-9 
10 S5C 
R108—-2 Ul40—-1 V140-4 U140-10 U140=-13 
Lt U152-10 U152-11 U140-11 
12 PHASEN 
U1L40-12 U180-13 
13 S5C 
R1O8=2 U1l40-1 U140=-4 U140-10 U140—-13 
14 +5V 


U141 4-5 LSOO 14 H2 
l AHTRES 
U88-1 U8/7-13 Ul4l-1 


2 U1l41-2 U141-8 
3 Ul4l-12 U141<-3 
4 Ul4l1=-4 V150—6 
5 PH2M 
P19=10 Ul41-5 V65=-39 U1l/76=-17 
6 GPHI 
U162-3 U76—4 U141-6 U74=4 
7 GND 
8 U141-2 U141-8 
9 CiM 
J15-36 J14-36 J13=-36 J12-36 U141=-9 UL19=2 U146-12 
U90=-14 
10 C3.5M 
U1L32-10 U141-10 U146-13 UL19=7 J20-3 
Ll CKDSP 
U1l4l=11 U89=9 
12 Ul41-12 141-3 
13 C14M* 
Ul41l-13 U146-8 Ul24-11 J21-2 
14 +5V 
U144 3-5 LS20 14 B10 
1 ENCWRT 
U177-10 U144-1 
2 QOo* 
U1L52-12 Ul44=-2 U85—=2 
3 NO CONNECTION 
4 TCWRT 
Ul26-12 U144=-4 
5 CIM* 


UL53=2 Ul23—-2 UlLI-l1l Ul20-2 ULI8=-2 UL16—-2 V1L14—2 
Ul26<-11 U85—4 VU1446—5 U132—-12 U1L50—4 


6 WE2114* 
U82-10 Ul75=-16 U81-10 U144=6 
7 GND 
8 DMAOK 
U144—$8 J1l2-27 J15—-27  Jl4-27 J13=27 
9 U144-9 Ul3l-13) U155—-4 


15.90 
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10 U152-6 U144-10 U131-1 
1} NO CONNECTION 
12 PALI 
U64—-18 U144-12 U65=20 V67-13 UL35—=4 
13 TROMSEL 
Ul62-12 U144=-13 
14 +5V 


U146 9 S86 14 B13 
l Q3* 
U93—-9 U136—12 U9l-12 Ull7-11 UlL7=-2 UVil7-3 U135-12 
U131-5 R102-2 R103-1 U146-1 


2 
Ql1-3 RSI-1 U146-10 U146-5 U146-2 
3 U124-3 U146=3 
4 S5D 
R109=2 =Ul24=-1 U1l24—4 U1l24—10 Ul0-13 U1L46=-4 U123-4 
U123-10 U123=13 ULL7-4 UlL7-5 Ull17-6 Ull7-7 
3 
Qll-3 R5l-1 U146-10 U146—5 U146=2 
6 C14M 
U146-6 = RINO-$1 ULI7=$10 Ul1999 U79=7 85-11 
7 GND 
8 C14M* 
Ul61-13 U146-8 Ul24-11 J21-2 
9 GND 
10 
Qll-$3 R5Sl-1 U146-10 U146=5 U146-2 
Ll U119-5 =—-U146-11 
12 C7M 
J15-36 J14-36 J13-36 J12-36 U141=-9 U119=-2 U146-12 
U90=14 
13 C3.9M 
UL32-10 U141-10 U146—13 UL19=7 J20=3 
14 +5V 
U147 4-5 LSL1 14 K8 
l C3.5M* 
U135<13  Ul19-6 Ul47=-1 U9I0=2 
2 COLRGATE 
J20-8 Ul47-2 U126-6 
3 Al5 


315-17) Jl4"17) S13"17) J12=17) U3—"4 =Ul47-3 U70-12 
U174-16 U6-7 

4 Al4 
J15-16 J1l4—16 J13-16 J12-16 U3—7 U147-4 U70-9 
U6—16 = U174=4 


5 IND* 

U136—10 Ul47=-5 U174=12 
6 C=FXXX 

U71l-15 Ul80-2 U71-14 U71-13) U147-6 U1l47-9 U165-1 
7 GND 
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8 CXXX 
U176-15 U74=-6 UL50-1 9147-8 
9 CmFXXX 
U71-15 UlL80—-2 U71-14 U71-13 U1L47-6 UL47=-9 Ul165—1 
10 IOEN 
U73-8 P19=3 U147-10 
11 UL47=$11 U155=13 
12 COLORBURST 
R55=1 VJ147-12 
13 COLORKILL* 
U147-$13 U87=$11 J20-9 
14 +5V 
Y148 4 LS21 14 J4 
l IRQI* 
Ul0l“-14 J12-30 P2=-7 U1481 
2 IRQ2* 
Ul01l-15 J13=-30 P2-6 U148=2 
3 NO CONNECTION 
4 IRQ3* 
U97=7 J14-30 P2-4 U148—4 
5 IRQ4* 
; U97=6 J15=30 P2=-3 V148=5 
6 U155-8 U148=-6 
7 GND 
8 FSPACE* 
UlL80—-1 Ul76—1 U165=<12 U123=-12 U148=-8 
9 FFDX* 
U112-5 U73=-23 U148=-9 
10 FFEX* 
U97-23 Ul48-10 U112-6 
11 NO CONNECTION 
12 SEL6551% 
U98=3 U76=-7 U148=-12 
13 C07 X* 
U180-6 U77=-7 VYll2=-13 UlLS8=1 U72=-1 U1lSO0-5 U148-13 
14 +5V 
U150 2-4 S10 14 EY 
l CXXX 
Ul76-15 U74-6 U150-1 U147=8 
2 GPH2 
0150-2 U77=-6 U162—4 
3 SELIM 
UL80-15 U174=2 U150=3 U73-9 P19=2 
4 CIM* 


U153=2 U123—=2 Ul19=11 Ul20—2 UL18-2 Vll6—2 U114=2 
Ul26—11 U85=-4 U144=-5 V132-12 U150—4 


5 CO7 X* 

U1l80-6 U77=-7 Ul12-13° U1l58-1 U72=-1 U1l50—-5 U148=-13 
6 UL41=-4 U150-6 
7 GND 
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Y152 


J153 


8 


14 


RAMR/W* 


J17=-11 
RAS 
0152-13 
Q0 
0119-13 
WRAMEN 
U180-12 


IOSTRB* 


J15-20 
All 
J15-13 
U1L50=13 
+5V 


3-9 LSOO 14 E7 


1 


14 


2-4-5 LS08 
] 
2 


UL50—-8 

UL50-9 U119-14 Ul2=-2 Yl2-5 Ul2-10 Ul2-13 
U150-10 Ul17-15 U131-2 78-11 

U150-11 

U150-12 J14=-20 J13=-20 J12-20 


J14-13) Jl3—-13) Jl2-13) U128-12 U6—-6 U71-3 
U74=-5 U67-12 U3-5 U174=5 


U126-14 UV152-1 U154-11 
HPE* 
U135=3 U152—2 Ul14-9 Ul1l6—9 Ull6—-12 
Ul26-17 U1L52=-3 
PPAS8 
U158=4 Ul52-4 U158=5 U65<-17 U64—23 U132—5 
U158=-8 U152-5 
U152-6 U144-10 U131-1 
GND 
U124=2 U152-8 
U152-9 U140-9 
U152-10 U152-11 vU1l40-11 
U152-10 U152-11 U140-11 
Qo* 
U1l52-12 Ul44—2 U85—2 
RAS 
U152-13 U1L50-9 Ul19]-14 Ul2—-2 VUl2=-5 V1I2-10 Ul2-13 
+5V 
14 E8 
UL58=11 U153=-1 U180-4 
CIM* 
U153=2 Ul23=2 UVl1L9]=$11 Ul20—-2 Ul18=2 Vll6—2 U1l14=-2 
UL26-<LL U85—4 U1l44—5 U132—12 U150—-4 
AY* 
U13=14 Ull=3 U9-14 U5—14 U2=-14 U153-3 U6-15 
U3-1 
S399 
UlL74-14 U153—4 
DA7 
Ji6-16 UI153-5 U84-3 U69-14 
Ul10-1 U153-6 
GND 
TROMSEL* 
U153-8 U162-13 U64—20 
DMAI* 


15.93 
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U154 


UL55 


U1L76=2 
U153-9 
10 ROMSEL* 
U1L53-10 
11 U153-11 
12 CH80* 
U139=9 
13 C7M* 
U119=-3 
14 +5V 
5-9 LSO8 14 F8 
l U139-8 
2 Q3 
J14=37 
U154=2 
3 U173=3 
4 v4 
U87=19 
5 v3 
U120-13 
6 VBL 
U175=15 
7 GND 
8 V2*V5 
U121-8 
9 V5 
U120-11 
10 v2 
U120-14 
11 U126=14 
12 RBL 
U121-13 
13 SCRN 
U154=13 
14 +5V 
3-4-8 LSO2 14 D9 
1 U155-1 
2 NMI* 
U139=6 
3 AILSwe 
U165=6 
U155-3 
i U144-9 
5 PAQ 
U64-22 
6 PA10 
U64—19 
7 GND 
3 U155-8 
9 HI 


312-28 J15-28 J14-28 J13-28 U163-5 Pl14-2 
U165-9 Ul176=3 

U79=6 

U153-12 U87=14 


U153-13 U1l19—=4 


U154=1 
U85=3 J15=37 J13=-37 J12=-37 Ul17-12 R93-1 
U154=3 
Ul-2 U154—4 U120-12 Ul-11 
Ulel5 U154—5 U1=-6 


U87-5 U97-$19 U97—18 Ul21-19 U154=6 


U154-8 U5=<3 
U154-9 


U154=-10 U87=22 
UL52—-1 154-11 


U154=12 


U73-7 P19=4 


U164~1 
U65=-6 U155-2 

U71-12 U97-8 Ul178=1 U178-13 U177-15 U87=3 
U131-13 U155=4 

U155=5 U65-18 U67-6 

U155-6 U65-19 U67-10 


U148=6 


15.94 
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U158 


U160 


10 


ll 
12 
13 
14 


3-4-9 LS32 
1 


2 


3 


~~ 


Ul14-13 U2—11 U155-9 
LOIRQ 

U73-40 U155-10 

Al2 

Ji5S<14 Jl4-14 J13-14 

U70-4 U71l-2 U174=6 
Al3 


J12-14 


U9=12 U1L55—11 U165=14 


J15-15 Jl4—15 Jl3-15 Jl2-15 UlL28=4 


U7l-1 U70-7 U6-5 U3-6 U174—7 


U147-11 U155—13 
+5V 


14 J8 
CO7X* 


U180-6 U77=7 Y11l2-13 U1L58-1 


IR*/W 


U9I1-3 U68-11 U158=-2 U163-10 


CLKRD 
U72=2 U158-3 
PPA8 


UL58=4 Ul52—4 U158-5 U65—-17 


PPA8 


U1L58=4 U152-4 U158-5 U65-17 


PAS 


Ull=2 Ul74-17 U6/-3 U158-6 


GND 

U158-8 UL52—-5 
PRIMSTK 

U73-4 P19=-7 U158-9 
ABK4 


UlLl=-15 Ul74-1 UYl0-15 U158—-10 
U158-11 U153-1 U180-4 


U158=12 U126-15 
RF SH 


U158-13 Ul1l-16 U126-2 


+5V 


3-7 LS125 14 J9 


1 
2 
3 
4 


5 


“SI ON 


ENSEL 


U1L61-4 Ul60—-1 Ul77-11 


PSW3/SCO 


U169-16 Ul61-3 U160—-2 


sCO 
U160-3 U73-18 U160=-5 
PDL2 
UL60-4 U105—-2 U75=10 
SCO 
U160-3 U73-18 U160—-5 
R86-1 Ul160-6 U161-2 
GND 
SER 
U73-19 U1l60-8 U161-9 


U161=-1 


U1LO1=1 


ULOI-1 


15.95 


U72-1 


U64=23 


U64—23 


UL55=12 U165=15 


U1L50-5 U148=13 


U132=5 


U132=5 
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U161 


U162 


9 


10 


ll 


12 


13 


14 


PX1/SER 


U105-12 U1l61-8 Ul60-9 U169-18 


ENSIO 


Ul60-10 Ul77-12 Ul161-10 


R/W* 


315-18 314-18 J13=18 J12-18 U3-3 U136-9 U180-17 
U160-11 


U176-6 U165-11 
IR/W* 


U98=28 U97=-22 Ul12-14 U73=-22 U1l63-11 065-34 U160-12 


DMA1 


UL31-11 Ul63-6 U131-10 UL31-9 U160-13 


+5V 


6-7 LS126 14 J10 
l 


ho 


ENSEL 
U161-4 U160-1 


R86—-1 Ul60-6 U161-2 


PSW3/SCO 


Ul77-11 Ul6l-1 


U169-16 Ul61-3 UlL60—2 


ENSEL 
Ul61-4 U160-1 
AXCO 


U1l77-11 Ul61-1 


U161-5 U75—-12 U105=1 


Y1/XCOUF 


UlL61-6 Ul69-17 UlO5—-11 


GND 
PX1/SER 


UlL05-12 U1l61-8 U160-9 U169-18 


SER 


U73-19 Ul60-8 U161-9 


ENSIO 


U160-10 Ul77-12 U161-10 


Ul6l-11 U92-5 R67-2 


U93=-12 Ul61l-12 U93-11 


Ul6l-13 UI3-10 
+5V 


3-4-5-8-9 LSO4 14 H8 


1 


2 
3 


“ 


DTRDY* 
U107-16 U162-1 


U96—-10 Ul62-2 UL39=2 


GPH1 

Ul162-3 U76<-4 
GPH2 

U150-2 U/7/-6 
BTO 

U88=-3 U85=-18 
BTO* 

U83-3 U1l62-6 
GND 

UUTSUNK* 
J19-1 U11L8-9 


U141=-6 


U162-4 


U162=5 U79-13 U83—-4 


U162-8 


U74=4 


U1L20-9 


15.96 
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9 Ul162-9 U120-15 
10 RESET* 
U65=40 Ul62-10 U98=-4 U97=34 U73=-34 U75=15 U79=-9 
U1L73=-1 
ll UUTUPRST 
R92=2 Ul62-11 J21-4 U164<3 
12 TROMSEL 
UlL62-12 U144=13 
13 TROMSEL* 
U153-8 U162-13 U64=20 
14 +5V 
U163 3-5-6 LSO4 14 K9 
l DEXT* 
U167-18 U94—-10 U178=-2 U163-1 
2 PINT* 
U167-19 Ul163=-2 U178=-5 
3 TSADB* 
J1i5=22 Jl2-22 J14=-22 J13=-22 U163=3 P14=3 
4 U70-15 U163-4 U67-15 U63=-19 U63-1 
5 DMAIL* 
UlL76=$2 J1l2-28 J15-28 Jl4-28 J13-28 U163-5 P14=-2 
U153=9 
6 DMA1 
U131l—-11 U163-6 U131~10 U131-9 U160-13 
7 GND 
8 NTSCB 
P3-8 U163-8 
9 NTSCB* 
U163-9 U90=-9 
10 LR*/W 
U91-3 VU68—11 U1L58=-2 U163-10 
ll IR/W* 
U98=28 U97=22 Ul12-14 U73=22 Ul63-11 UV65—34 V1l60-12 
12 DWRREQ 
U166-14 U163-12 
13 U163-13 U94—12 U92—4 
14 +5V 
U164 2-6-8 LSO5 14 H9 
l U1l55=<1 U164=1 
2 LORESET* 
J12-31 J13=-31 J14=—31 J15=31 P14-6 Ul64=-2 U164—4 
U96—4 U94-15 
3 UUTUPRST 
R92-2 Ul62-11 J21-4 U164-3 
LORESET* 


J12-31 J13-31 J14-31 J15—-31 P1l14-6 Ul64—2 U164—=4 
U96—4 U94—15 


5 APPLEII* 
J7-5 Pl1I=-5 UlLN6-12 Ul164—5 
6 Ul64-6 Cl7=2 X5—2 C75=2 
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U165 


14 


4 LS133 16 
1 


2 


14 


15 


GND 
RDY 

J15-21 
PRDY 


U164-9 U174=13 


DTIM 
R31-1 
MOTEN* 
U164-11 
MOTON* 
U1L79=1 
MOTON 
U164=13 
+5V 


J7 
C=FXXX 

U71=-15 
SSA 


ROMSEL* 
U153-10 U165=-9 
ROMSEL1 


U165-10 
R/W* 
Ji5-18 


U176-6 U165=11 
FSPACE* 


U180-1 
INH* 
J15=32 

Al2 


U164=8 


U164=10 


U94=9 
U92=15 


U96=5 


U180=2 


U1L65=2 


U165=2 


U165=-2 


U165=2 


U7 1-12 


UL12=4 


U73=2 


J14-18 


U176=1 


J14=-32 


J14-21 


J13-21 


J12=21 Pl4—4 U65=2 


C7-2 U96<-2 U96-6 


U178=15 R65—-2 


U71=-14 


U165-3 


U165=3 


U165=3 


U165=3 


U7 1-13 


U165=4 


U165=-4 


U165=4 


U165=4 


U97-8 U178—1 


U176=-3 


P19=-9 


U164—12 U92-16 


U1L47~6 


U165=5 


U165=5 


U165=5 


U165=5 


U178=-13 


U147=9 


U173=-4 


U173=-4 


U173=4 


U173=-4 


U165-1 


U173-13 


U173=-13 


U173=13 


0173-13 


Ul77=-15 U8I=-3 


J13-18 J12-18 U3-3 UlL36—-9 U180-17 
U160—11 


U165=-12 


J13=-32 


Ji5s=14 Jl4-14 J13-14 
U70-4 U71-2 U174-6 


Al3 


J’5-15 J14-15 J13-15 


15. 


U123-12 U148=8 


J12-32 U176-4 U165—-13 P14=5 


J12-14 U9-12 UL55-11 


U165=-14 


J12-15 Ul28—-4 Ul55—12 165-15 
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U71-1 U70-7 U6-5 U3-6 UI174-7 


16 +5V 
U166 6 FILTER 20 N13 
1 GNDF 
2 ENBL3.E* 
Jl-21 U166=-2 
3 WRDATA 
J6-18 Ul66-3 Jl=-18 
4 RDDATA 
J6-16 Ul66-4 J1=-16 
5 ENBL1 .E* 
Jl-14 U166-5 
6 ENBL1.I* 
J6-14 U166-6 
7 WRREQ 
J6-10 Ul66-7 J1=-10 
8 DPH2 
J6-6 Ul166-8 Jl-6 
9 DPHO | 
J6-2 U166-9 J1-2 
10 GNDF 
11 GNDF 
12 VAl 
U166-12 Ul175-4 U94—4 
13 vCl 
U166-13 U175=2 94-6 
14 DWRREQ 
U166-14 U163-12 
15 PENBLI,1* 
U166-15 U178-4 
16 PENBLE* 
Ul66-16 U178-7 
17 DRDATA 
U166-17 93-13 
18 DWRDATA 
U166-18 U92=-19 93-2 
19 PENBL3,E* 
U166-19 U179-7 
20 GNDF 
U167 6 FILTER 20 M13 
ieee Se ia CNDF 
2 EXT* 
J1-26 U167=-2 
3 INT* 
J6-26 U167-3 
4 WRPROT 
J6-20 U167-4 J1-20 
5 ALIx 
U167-5 J1-23 J6-23 
6 ENBL2.E* 
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. Y169 


1F 
re 


Jl=22 U167-6 
SIDE2/1 

J6-24 Ul67-7 Jl=-24 
DPH3 

J6~8 Ul67-8 J1=-8 
DPHIL 

J6-4 U167-9 Jl=4 

GNDF 

GNDF 
VBl 

Ul67-12 Ul175=3 U94=5 
PDPH3 

Ul167-13 U94-7 
PSIDE 

U167=-14 U177=7 
PENBL2 ,E* 

U167=15 U179=6 
PAIL 

Y178-12 Ul167—16 
DWRPROTT 

U167-$17. U9l-11 
DEXT* 

Ul167-18 U94=-10 U178=2 
PINT* 

U167-19 Ul63=2 U178—=5 

GNDF 


ILTER 20 N10 


GNDF 
SW1/MGNSW 
J3-5 U169=2 

X1/SER 

J3=-4 U169=3 
Y1/XCO 

J3-8 U169=4 
SW3/SCO 

J3-9 U169=5 
YO 

U169=6 J2=8 
SW2 

U169=7 J2=5 
SwO 

U169-8 J2=9 
XO 

U169=9 J2—4 

GNDF 

GNDF 

XOUF 

UlL05=15 U169=12 
SWOUF 
U101-4 U169=-13 
SW2UF 


J163-1 
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~ 


U169=14 


U169=15 
co 


U169-16 U161-3 U160—-2 


UlL6l-6 Ul69|=17 Yl05-11 


U105=-12 Ul61-8 U160-9 U169-18 


R 


SW1/MGNSWUF 


R85=-2 U169-19 U73=-39 UL01=3 


Ul7 1-2 
U171=-3 
U171-4 
U171=5 
U171-6 
U1l7-1-7 
U171-8 


U171-9 


U107=40 
107-38 
U107=33 
U107=39 
U107=35 
U10/7=37 
U107=-36 


U107-34 


U101=2 
15 YOUF 
U105=-13 
16 PSW3/S 
17 Y1/XCOUF 
18 PX1/SE 
19 
20 GNDF 
\U171 8 FILTER 20 K13 
ee eee GNDF 
- 7 KX6 
J7-26 
3 KX4 
J7=21 
4 KX3 
J7=20 
5 KX5 
J7=19 
6 KX1 
J7-18 
7 KX7 
JT=\7 
8 KX2 
J7-16 
9 KXO 
J7=14 
10 GNDF 
ll GNDF 
12 KXOUF 
Ul71-12 
13 KX2UF 
U171=13 
14 KX7UF 
U171=-14 
15 KX1UF 
U171=-15 
16 KX5UF 
U1L71=-16 
17 KX3UF 
Ul71l=17 
18 KX4UF 
U171=-18 
19 KX6UF 
U171=-19 
20 GNDF 


U172 7 FILTER 20 N3 
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U173 


20 


GNDF 

EXTSPK2 

Jl1l1=-2 U172=2 
DCD 

J4-8 Ul72=-3 
DTR 

34-20 U172=4 
DSR 

J4-6 U172=-5 
CTS 

J4-5 U1l72-6 
RTS 

J4-4 UlL72—7 
DATA IN 

34-3 U172-8 
TXD 

J4=2 U172-9 

GNDF 

GNDF 
PTXD 

U172-12 99-6 
PRXD 

U1L72-13 Ul100—1 
PRTS 

U172-14 _U99=11 
PCTS 

R87=2 Ul72-15 Ul100—4 
PDSR 

R88=-2 Ul/72-16 Ul100-10 
PDTR 

U172-17 V99=8 
PDCD 

R89=2 Ul72-18 U100-13 
PEXTSPK 
172-19 Cl0-2 
GNDF 


5-7 LS74 14 H7 


1 


& Wh 


RESET* 
U65=40 Ul62-10 U98-4 U97-34 U73=-34 U75=15 
U173-1 
U173-2 U136-6 
U173=3 = U154=3 
SSA 
R106-2 Ul65=2 U165=3 Ul65=4 U165=5 V173—=4 
U173-10 
INV 
U83—11 U173=5 
NO CONNECTION 
GND 
U173-8 U173-12 
ATISPKR 
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10 


R35-1 U173-9 
SSA 
R106-2 Ul65—-2 U165=-3 U165—4 U165=5 U173-4 U173-13 
UL73=-10 
SPKR* 
U173-11 U77=12 
U173<-8 U173-12 
SSA 
R106—-2 Ul65=-2 Ul65=3 Ul65=4 Ul65=5 U173-4 U173~13 
U173-10 
+5V 


U174 2 7643 18 341-0043 ClO 


I 
2 


3 


16 


17 


18 


ABKS 
ULI-15 UlL74—1 UlO-15 U158-10 
SELIM 
UL80-15 Ul74-2 U1lS0-3 U73-9 P1I-2 
SYNC 
U65—7 U1L36—1 J15=-35 U174—3) J14-35 J13=35 J12=35 
Al4 
Ji5-16 J14-16 J13-16 Jl2-16 U3=-7 U147=4 U70-9 
J6-16 UL74—-4 
All 
J15-13) Jl4-13) J13"*13) Jl2=13) Ul28-12 Ub-6 = U71<3 
U150—-13) U74-5 U67-12 U3—-5 U174=5 
Al2 
Ji5“14 Jl4—14 Jl13]"14 Jl2-14 U9e12 UI55—11 V165=-14 
U70-4 U71-2 U174-6 
Al3 
J1i5-15 Jl4—15 Jl3=-15 Jl2=15 U1l28-4 U155—12 U1l65=15 
U71l=1 U70-7 U6-5 U3-6 U174=-7 
GND 
GND 
GND 
NO CONNECTION 
IND* 
U136-10 Ul47=5 U174=-12 
PRDY 
U164-9 U174=-13 
5399 
UL74=14 U1L53<-4 
ZPAGE* 
Ull=1 Ul174—15 U67-1 Y131-8 VU/0-1 
Al5 
JiS9"17) Jl4—17) Jl3"-17 Jl2-17 U3-=4 U147=3) U70-12 
U1l74-16 U6-7 
PA8 
Ul1=-2 U174=17 U67=-3 U158-6 
+5V 


Ul75 2 7643 18 341-0055 F9 


l 


RDHLRES 
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UL76_ 


UL75<=1 Ull-17 U3=-2 U6-3 U126-9 


2 VCl 
U166-13 UL75-2 U94-6 
3 VBl 
Ul167-12 U175=3 94-5 
4 VAL 
U166-12 Ul175=-4 U94—4 
5 VA 
U121-3 U175-5 Ull6-11 U82-5 US81-5 
6 VB 
U121-2 U175-6 U118-14 U82-6 U81-6 
7 vc 
Ul21-1 U175-7 U118-13 U83-15 83-14 U82-7 U81-7 
8 CND 
9 GND 
10 GND 
ll ENHREG* 
U175-11 U78-1 
12 MUX3 
U9-13 U1L75=12 
13 MUX2 
U9=3 «+U175=13 
14 MUX 
U101-12 Ul75-14 vUS5-13 
15 VBL 
U175-15 U87-5 U97-19 U97=18 Ul21-19 154-6 
16 WE2114% 
U82-10 U175-16 U81-10 U144=6 
17 SCR 
U177=9 U175=17 
18 +5V 
4 7643 18 341-0045 FS _ 
1 FSPACE* 
U180-1 Ul176-1 165-12 U123-12 U148-8 
2 DMAI* 
U176<2 J12—-28 J15-28 J14-28 J13-28 163-5 P14=2 
U153-9 
3 ROMSEL* 
U153-10 U165=-9 U176=3 
4 INH* 
J15=32 J14-32 J13=32 Jl2-32 U176-4 Ul65=13 PL4-5 
5 U74=-10 U176-5 
6 R/We 
315-18 J14-18 J13-18 J12-18 U3-3 136-9 U180-17 
U176-6 Ul165-11 160-11 
7 C6XX* 
U176-7 74-9 
3 GND 
9 GND 
LO GND 
ll! RAMEN 
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UL80—-7 Ul76-11 


12 NO CONNECTION 
13 EN8 304 
U176-13 U68-9 
14 EN25/7 
U176—-14 U66-15 U69=15 
15 CXXX 
UL76-15 U74-6 U1S0-1 JL47-8 
16 C7XX* 
U176=16 U/4-7 
17 PH2M 
Pi9=10 Ul41=-5 U65=39 U176-17 
18 +5V 


U177 6 9334 16 Ll2 

l Al 
J15=-3 J14-3 J13=-3) J12-3) U2-10 U97-37 98-14 
Ul1OL-10 Ul77-$1 U94—1 U73-37 Y75-1 V63—-16 

2 A2 
J15-4 Jl4-4 Jl3=4 J12-4 U5=-6 Ul0I-9 U97=36 
UlL77=—$2 U94—2 U75=—2 U73-36 U63—-14 

3 A3 
J15=5 Jl4-5 Jl3-5 Jl2-5 U5=-10 Ul09-1 ULlI-1 
U97=35 Ul77=3 U94—"3) U75—=3 U73=35 V63—12 


4 EXTO 
U1L79=2 UL77=-4 
5 EXT1 
U179=3 «=UL77=5 
6 INTON 
U177=-6 U178=3 
7 PSIDE 
Ul167-14 Ul77=-7 
8 GND 
9 SCR 
UL77-9 Ul75=17 
10 ENCWRT 
U177-10 U144-1 
ll ENSEL 
Ul61-4 Ul60-1 Ul77-11 Ul6l-1 
12 ENSIO 
U160-10 Ul77=12 U161-10 
13 AO 


J15=2 Jl4—2 Jl3-2 Jl2-2 U2-6 U97-38 U9I8=-13 
UlOl=-11 U94-13 U73=-38 U75-13 U63-18 U177=13 


14 DEVSEL5* 
U177-14 U76=10 

15 AIISW* 
U165-6 U71l-12 U97—-8 U178-1 U178-13 Ul77-15 U87=3 
U155-3 

16 +5V 


J178 3-6 LS257 16 LII 
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U179 


AIISW* 
U165-6 U71-12 U97-8 UL78-1 U178-13 UL77=-15 
UL55=3 

DEXT* 

Ul67-18 U94-10 U178=-2 U163-1 

INTON 
UlL77=-6 U178=3 

PENBLI , I* 
U166-15 U178=-4 

PINT* 

Ul167-$19 Ul63-2 U178=5 

NENBLE* 

U179=5 U178-6 

PENBLE* 

U166-16 U178-7 
CND 
NO CONNECTION 
NO CONNECTION 
NO CONNECTION 

PALI 
U1L78=12 U167-16 

AIISwW* 

Ul65-6 U71l-12 U97—-8 Ul78-1 Ul78-13 U177=-15 
U155=3 

GND 

MOTON* 
Ul79—1 U92—15 U178-15 R65=2 U1l64—-12 U92=-16 
+5V 


6-8 LS139 16 Jll 


1 


2 


3 


4 


MOTON* 
UL79=1 U92=15 Ul78-15 R65-2 Ul64-12 92-16 
EXTO 
U179=2 U177=-4 
EXT1 
U179=3 UL77=5 
NO CONNECTION 
NENBLE* 
U179=5 UlL78=6 
PENBL2 ,E* 
Ul67=15 U179-6 
PENBL3,E* 
U166-19 U179=7 
GND 
NO CONNECTION 
NO CONNECTION 
X6-2 U179=11 
NO CONNECTION 
CONTROL* 
J7-11 U1l79=-13 U107-28 U109-10 Pll-2 
RESETLK* 
U179=14 U73-6 P19=5 U139-5 
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15 KRESET* 
U139—12 R80-1 C7l=-1 %Y1l79-15 J7-15 
16 +5V 
J180 9 7643 18 341-0046 F7 
1 FSPACE* 
Ul80—-1 Ul76<1 Ul65—-12 Ul23-12 Ul48-3 
2 C-FXXX 
U71l-15 UlL80—2 U71-14 U71=-13 U147-6 Ul47-9 Ul65-1 
3 LOSTOPD* 
U123-9 Ul12-15 U180-3 
4 U158-11 U153-1 U180=-4 
3 ClM 
U132—2 U135=1 Ul19-10 U123-11 U180-5 U98-27 U80-11 
U84-11 
6 CO7 X* 
U180-6 U77=-7 Ul12-13 UL58-1 U72-1 Ul50=5 Ul48=-13 
7 RAMEN 
U180-7 U176—11 
8 GND 
9 GND 
10 GND 
ll NO CONNECTION 
12 WRAMEN 
U180—-12 UlL50-11 
13 PHASEN 
U140—12 U180-13 
14 PCS6522 
R68-1 U180-14 
15 SELIM 
U180-15 Ul74=2 U150-3 U73-9 P19I-2 
16 RWPR 
U73—-5 P19-6 U180-15 
17 R/W* 


315-18 J14-18 J13=18 J12-18 U3=-3 U136-9 U180-17 
U1l76-6 Ul65-11 9160-11 


18 +5V 
U181 7 556 14 A7 
1 C69=2 R75“2 Ul8i-l1 UlSl-2 
2 C69=2 R75—2 Ul13l-1 V13l-2 
3 NO CONNECTION 
4 +5V 
5 U1L81-5 U1L81-10 
6 CO4X* 
U77=-11 UlL31-6 
7 GND 
8 R77-2 U181-8 UL8l-12 C70-1 
9 U1L81-9 R731 
10 UlL81-5 U181-10 
li NO CONNECTION 
12 R77-2 U1l81-8 Ul3l-12 C701 
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13 R76=2 R77=-1 J181=-13 
14 +5V 
X1 4 SCHOTTKY 2 DIODE A2 
l R9-1 Tl-l Xl=-1 UV105=-10 
2 U72=24 Ql-l X1=2 
X2 8 1N4148 2 DIODE L10 
l U9I6—13 U96—12 U9G—8 R40-2 X2-1 Cl18=1 
X3-1 C75=1 
2 ANYKEY 
Ul07-4 R40-1 X2-2 UVl06—11 U109=3 
X3 8 1N4148 2 DIODE Lll 
l U96—13 U96—12 U96-8 R40-2 X2-1 Cl18-1 
X3-1 C75=1 
2 KAPPLEII* 
UlL06-9 X3=2 U111-6 
X4 8 1N4148 2 DIODE A5 
| +5V 
2 UPRST* 
C20-1 Ul13-6 Ul13-2 R44-2 X4=-2 X61 
X5 8 1N4148 2 DIODE 47 
1 GND 
2 U164—-6 Cl7=-2 X5=-2 C75=2 
X6 8 1N4148 2 DIODE A6 
l UPRST* 
C20—-1 Ul13-6 Ul13=-$2 R44=2 X4=-2 X6-1 
2 X6-2 =U179=11 
X7 1 LED 2 LED M4 
+5V 
2 X7-2 R81-1 
Yl 9 14MHZ 2 XTAL1 Al2 
| R52-1 Q1N=-3 Yl-1 
2 
Yl=2 Ql1=-2 R49=2 
¥2 4 32KHZ 2 XTAL2 A3 
1 Y2-1 U72-10 C3=3 
2 C4-1 U72-11 Y2=2 
END OF DATA 
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I. PERIPHERAL LOGIC ACCESS COVER REMOVAL 


1. Power down the Apple ///. Disconnect the AC power cord from the source 
and then from the power supply receptacle of the Apple ///. 


2. Disconnect all external cables. Refer to Figure 1.1. 


3. Lift up the front edge of the Apple and tilt it up 90 degrees so that it 
rests on the back side of the casting. 


4. Locate the 1/4 turn locking screw on each side of the Apple and, with a 
flat blade screw driver, turn each one 1/4 turn counterclockwise to loosen. 
Do not attempt to remove these screws as they are self capturing and will 
not normally come out. Refer to Figure 1.2 item A. 


5. Lower the Apple /// to the operating position and with a hand on each 


side of the access cover lift up and pull forward to remove. Refer to 
Figure 1.3. 


6. To replace the cover reverse the procedure as outlined in steps 1 
through 5. 


EXTERNAL PORTA PORTB COLOR VIDEO B/W AUDIO PORTC POWER SUPPLY POWER 
FLOPPY VIDEO RS232 RECEPTACLE SWITCH 


DISK 
FIGURE 1.1 
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II. PERIPHERAL CARD REMOVAL/ INSTALLATION 


1. Power down the Apple ///. Disconnect the AC power cord from the source 
and then the power supply receptacle of the Apple ///. 


2. Remove the peripheral logic access cover. Refer to Procedure lI. 


3. Locate the desired peripheral card. Refer to Figure 2.1 for slot number 
assignment. Disconnect all cords or cables connected to the peripheral card 
or cards to be removed. 


4. Grasping the card firmly with both hands (using thumbs and forefingers) 
gently pull straight up on the card to free it from the connector and guide 
slots. Refer to Figure 2.2. 


NOTE: If the card is too firmly captured to allow removal using just the 
fingers, a metal hook in the pilot hole near the top rear of the card may be 


used to gain a better grip on the card. Be careful not to tilt or rotate the 
card, or damage to the card and/or connector may occur. 


CAUTION: Never remove or install any card or device with the power on or 
catastrophic shorting of signal to power supplies may occur. 


5. To replace a peripheral card reverse the procedure as outlined in steps l 
through 4. 


6. To install a new peripheral card, remove the RFI shield card (dummy card) 


from the desired slot and follow the detailed procedure enclosed with the 
new peripheral card. 
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III. KEYBOARD REPLACEMENT 


1. Power down the Apple ///. Disconnect the AC power cord from the source 
and then from the power supply receptacle of the Apple ///. 


2 Place the Apple on its right side with the bottom facing you. 


3. Locate, remove and retain the five (5) keyboard cover mounting screws 
located two each on the right and left ends and one in the front center. 


Refer to Figure 3.1 item A. 
4. Remove the keyboard cover. 
5. Place the Apple back into its normal operating position. 


6. Locate and remove the two (2) retaining screws on the left end of the 
keyboard. Refer to Figure 3.2 item A. Loosen the right two (2) retaining 
screws. Refer to Figure 3.2 item B. 


7. Remove the keyboard by lifting the left end and sliding the right end 
from under the loosened screws. Refer to Figure 3.3. 


8. Disconnect the keyboard cable, located on the middle rear edge of the 
exposed keyboard. Refer to Figure 3.2 item C. Do not pull on the cable. 
Disconnect by using a screwdriver to push on the tab on the cable 
connector. Refer to Figure 3.2 item D. 


9. Install the replacement keyboard by reversing the steps as outlined in 1 


through 8 above. Observe that the keyboard cable makes a tight turn where 
it wraps to the underside of the keyboard. This is necessary if the 
keyboard cover is to fit properly. 


Caution: Exercise care when tightening the five (5) keyboard cover screws 
to keep from stripping the threads in the cover. 
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IV. ANALOG BOARD REPLACEMENT - DISK ASSEMBLY* 


1. Power down the Apple ///. Disconnect the AC power cord from the source 
and then from the power supply receptacle of the Apple ///. 


2. Remove the peripheral logic access cover. Refer to Procedure I. 


3. Locate the two Tinnerman retaining clips which hold down the Disk 
Assembly shield. Refer to Figure 4.1 item A. 


4. Using the blade of a screwdriver, slide the clips forward until the 
enlarged slots of the clips are around the mounting posts. 


5. Remove and retain the clips. 


6. Remove and retain the Disk Assembly shield by flexing the side out 
(Figure 4.1 item B) and lifting up on the shield. NOTE: The shield is only 
retained by the spring tension of the sides and four dimples which fit into 


depressions of the disk casting. 


7. Disconnect the disk ribbon cable by pushing on the center tab of the plug 
with a small screwdriver. Do not pull it out by the cable. Refer to Figure 
4.2 item A. Disconnect the read/write head cable. Refer to Figure 4.2 item 
B. Do not attempt to remove motor control cable yet. Refer to Figure 4.2 
item D. 


8. Remove and retain the two small Phillips head mounting screws which hold 
the Analog board at the front of the casting. Refer to Figure 4.2 item C. 


9. To remove the Analog board, gently slide the left front of the board 
forward until it clears the guide holding the left edge. Then slide the 
right rear of the board to the left until it clears the guide holding the 
right edge. Refer to Figure 4.3. Tilt up the right rear of the board and 
lift clear. 


10. At this time disconnect the motor control cable. Refer to Figure 4.2 
item D. Note there are four nylon locking pawls which engage two holes in 
the board from both the top and bottom. These must be disengaged before the 
connector can be disconnected. 


11. Install the replacement Analog board by reversing the steps as outlined 
in 1 through 10 above. 


* The Disk Assembly is comprised of two modules, the Analog Board and the 
Disk Mechanical Assembly. 
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V. DISK MECHANICAL ASSEMBLY REPLACEMENT=DISK ASSEMBLY* 


1. Power down the Apple ///. Disconnect the AC power cord from the source 
and then from the power supply receptacle of the Apple ///. 


2. Remove the peripheral logic access cover. Refer to Procedure I. 


3. Remove the disk shield. Refer to steps 3 through 6 in Procedure IV. 


4. Disconnect the disk ribbon cable by pushing on the center tab of the 
plug with a small screwdriver. Refer to Figure 5.1 item A. Do not pull on 
the cable. 


5. Scribe a line on the Apple /// chassis along the front (Figure 5.1 item 
B) and left side (Figure 5.1 item C) of the Disk Assembly bezel. This line 
will provide a location reference when the Disk Assembly is re-installed. 


6. Locate the two Phillips head screws which mount the Disk Assembly to the 
Apple chassis. They can be seen by looking down through the front diskette 
guide and door assembly. Refer to Figure 5.1 item D. 


7. Completely loosen the two mounting screws but let them remain sitting 
where they are. 


8. Loosen (Don’t Remove!) the Phillips head screw through the retaining 


clip which holds the lower left rear edge of the Disk casting. Refer to 
Figure 5.1 item E. 


9. Remove the Disk Assembly by sliding it forward until it clears the. 
retaining spring clip and then lift it from the chassis. 


10. Recover the two front screws from the Disk Assembly. 


11. Separate the Analog Board from the Disk Mechanical Assembly as outlined 
in Procedure IV step 9. 


I2. Install the replacement Disk Mechanical Assembly by reversing the steps 


as outlined in steps 1] through 11 above. Use the reference mark made in 
step 5 to insure proper alignment of the Disk Assembly. 


* The Disk Assembly is comprised of two modules, the Analog Board and the 
Disk Mechanical assembly. 
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VI.- POWER SUPPLY REPLACEMENT 


1. Power down the Apple ///. Disconnect the AC power cord from the source 
and then remove it from the power supply receptacle of the Apple ///. 


2. Disconnect all external cables. 


3. Turn the Apple /// upside down with the keyboard facing you and place on 
a soft pad. 


NOTE: You may want to place a foam block under the keyboard to:‘keep the unit 
from rocking while it is upside down. 


4. Loosen (Don’t Remove!) the two Phillips head screws located on the rear 
edge of the power supply bottom cover, near the on/off switch and power 
supply receptacle. Refer to Figure 6.1 item A. 


5. Locate and loosen the eight (8) screws securing the power supply bottom 


to the chassis. Refer to Figure §.1 item B. These screws may be captured 
and if so should not come free of the assembly. 


6. Lift up the front edge and slide the power supply forward until the rear 
edge clears the two rear mounting screws. Gently lift up the power supply 
assembly to gain access to the electrical connector. Refer to Figure 6.2. 


7. Disconnect the power supply connector by pressing in the tabs while 
gently pulling. Refer to Figure 6.2 item A. If the leads are secured to the 
power supply by a wire tie, cut the tie. The power supply can now be 
removed. 


8. Prior to replacing or re-installing the supply replace the wire tie, if 
one was removed. 


9. When re-installing the power supply, insert the cover under the two rear 
most screws and lower the power supply into place. 


10. Tighten all screws. 


CAUTION: When re-installing the securing screws use only enough torque to 
rotate the screw. These screws will strip out the chassis, if excessive 


torque is applied. Also, be certain that the screw is not starting at an 
angle to avoid cross-threading. If it appears the screw is cross-threading, 


back it out and try again. 
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FIGURE 6.1 
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FIGURE 6.2 
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VII. LOGIC ASSEMBLY REMOVAL* 


1. Power down the Apple ///. Disconnect the AC power cord from the source 
and then from the power supply receptacle of the Apple ///. 


2- Disconnect all external cables. 


3. Remove the peripheral logic access cover and all peripheral cards, or RFI 
shield cards. Refer to Procedure I and II. 


4. Replace the access cover to protect disk bezel. 


5» Place the Apple upside down on a soft pad. The rear of the Apple should 
face you. 


6. Locate the ten (10) Phillips screws around the edge of the Logic access 
panel. Refer to Figure 7.1 item A. Locate the two (X) additional recessed 
screws that are about ome and one-half inches in from the rear edge of the 
panel. Refer to Figure 7.1 item B. 


; 
mou det? cP) 
7. Loosen these ) securing screws. These screws may be captured 


and if so should not come free of the access panel. 


CAUTION: The logic board is attached to the access panel, and is still 
connected electrically to the keyboard, disk, speaker and the power supply. 
Cable travel allows the access panel to be tilted from the chassis about 45 
degrees. 


8. Slowly tilt up the access panel from the right side. Allow the panel to 
remain resting on its edge nearest the power supply. Refer to Figure 7.2. 


9. Note the orientation and routing of the cables. While supporting the 


logic board from the underside remove the speaker cable (Figure 7.2 item A), 
the keyboard cable (Figure 7.2 item B), the disk cable (Figure 7.2 item C), 


and the power supply cable (Figure 7.2 item D). 


10. The logic assembly is now free from the Apple and can be accessed for 


testing and repair. 


ll. To re-install the logic assembly reverse the procedure as outlined in 
steps 1 through 10 above. 


CAUTION: Make sure cables are installed correctly and are not crimped or 
punctured by the mounting hardware when re-installing the logic assembly. 
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* The Logic Assembly is comprised of either three or four major elements, 
depending upon the time of manufacture. The earlier Logic Assemblies have 
four major elements: the access panel, the Main Logic board module, the 
Memory board module and the Encoder board module. The later Logic Assemblies 
have the Encoder board incorporated into the Main Logic board, and 
therefore, have three major elements: the access panel, the Main Logic 
board module and the Memory board module. 


FIGURE 7.1 
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FIGURE 7.2 
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VIII. LOGIC ASSEMBLY REPLACEMENT 


Before implementing any of this procedure the Logic Assembly must first be 
removed from the Apple. Refer to Procedure VII. 


A. MEMORY BOARD REMOVAL 


1. With the Logic Assembly placed flat on the work surface, use both 


hands to lift off the Memory board (Figure 8.1 item A) from the Main 
Logic board. 


NOTE: The mechanical connection is also the electrical connection. Take 


care and lift straight up, or bending/breaking of the male connector 
pins mounted in the Main Logic board will occur. 


B. MEMORY BOARD INSTALLATION 


1. Align the connectors of the replacement Memory board over the 
connectors of the Main Logic board. The best way to do this is to tilt 
the Memory board and align the first pins on each side and lower the 
raised edge slowly, starting the next pins on each side as it is 
lowered. 


CAUTION: Make sure that the board is properly oriented. The reference 


notches on the Memory board IC should face to the rear of the Logic 
Assembly (towards the output connectors). 


2. Check that all the male pins are started correctly into the female 


connector of the Memory board. If any of the male pins are not properly 
started, lift up the Memory board slightly and "wiggle" it until the 
pins are aligned. 


3. Once the pins of the connectors are all aligned, gently push straight 


down on the connectors on both sides of the Memory board until the 
connectors are fully seated. 
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C. ENCODER BOARD REMOVAL (early version of Logic Assembly only) 


1. Locate Encoder board mount standoff. Refer to Figure 8.1 item B. 


NOTE: The Encoder board connector on the Main Logic board has been 


re-formed for clearance purposes. This repositioning does not allow the 
standoff to match the pilot hole of the Encoder board. Therefore, the 


standoff can be removed, if you choose. 


2. Remove the Encoder board from its connector. 


D. ENCODER BOARD INSTALLATION (early version of logic assembly only) 


1. Engage the replacement Encoder board on the connector and ‘press into 
place. 


E. MAIN LOGIC BOARD REPLACEMENT 


1. Remove and retain the Memory board as detailed in Procedure VIII 
section A. 


2. Remove and retain the Encoder board as outlined in Procedure VIII 
section C. (early version of logic assembly only) 


3. Locate the retaining screw. Refer to Figure 8.1 item C. Remove and 
retain. Slide the board out from the peripheral connector opening of the 
access panel. 


4. Lift off and set aside the Main Logic board. 


CAUTION: Make sure that the insulating mylar shield (or substitute 


insulator) located between the board and the access panel remains in 
place before replacing the Main Logic board. 


5- Place the replacement Main Logic board into the access panel, making 
sure that the peripheral connectors are aligned into their respective 


cutouts in the rear of the access panel. 
6. Replace the retaining screw. 
7. Replace the Encoder board. Refer to Procedure VIII section D. 


8. Replace the Memory board. Refer to Procedure VIII section B. 


16.23 


16.24 


@oppie computer inc. 


APPLE /// DEALER SERVICE DIAGNOSTICS REFERENCE 


INTRODUCTION 

The DIAGNOSTIC disk (part #652-0327), used in conjunction with this document 
will allow you to diagnose Apple /// failure modes at the modular level. 
Additionally, RAM failures may be diagnosed to the chip level. 

The descriptions of the tests that follow contain information relative to the 
specific test environment that you are using. For instance, it will be 
necessary to evaluate test results differently when using color verses B&W 
monitors. 


EQUIPMENT REQUIRED 
Apple /// computer. 
External Disk /// drives native to system under test. 
B&W monitor w/ cable. 
Apple /// Diagnostic diskette. 
Apple /// External Test diskettes as required. * 
* See MAKE TEST DISKS. 


OPTIONAL EQUIPMENT 
RGB Color Monitor, NISC Color Monitor, or Color Receiver. 
Sup’r’mod’II, for Color Receiver. 
NTSC adapter, for Color Receiver and NTSC Color Monitor. 
Cables. 


EQUIPMENT SETUP 

As ALWAYS, insure that the Apple /// POWER is OFF BEFORE CONNECTING OR 
DISCONNECTING ANYTHING from the Apple /// or any equipment connected to the 
Apple ///. 


a. Connect external drives native to system under test. 

b. Connect B&W Monitor to J10 or, 

c. Where available: connect Color Monitor, NTSC adapter, 
and Sup’r’mod II to J5, as required. 

d. Connect power sources to system under test. 

e. Turn on monitor power. 

f. Install Diagnostic diskette in UUT internal drive. 

g. Install External Drive Test diskettes in external 
drives as required. 


RUNNING DIAGNOSTICS 
There are three critical operations that happen in order to run Apple /// 
Diagnostics. 
With proper test setup configured as above and Diagnostic diskette installed 
in internal drive, turn on Apple /// power. 
1. Power on internal diagnostic. 

This fast internal diagnostic is described further in 

Apple /// owners guide. Refer to that document with 

questions on the start-up diagnostic. Let it suffice to 

say that these tests must be passed before the disk 

boot process may begin. 


2e Boot 


Disk boot is a several stage process that begins with the 
execution of a code block contained in ROM. On a successful 
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APPLE /// DEALER SERVICE DIAGNOSTICS REFERENCE 


boot, control is passed to code loaded from disk. Several 
loads and transfers of control are made resulting in the 
loading and execution of the Diagnostic program. 


3. Diagnostic 
Having come this far is a vote of confidence for correct 
system operation. Now, under control of the Diagnostic, a 
thorough investigation of system hardware resources may begin. 


DIAGNOSTIC MENU 
After a sucessful boot load of the diagnostic program, the following menu 
will be presented. 


TEST ALL 

VIDEO (NOT TESTED) 
SOUND (NOT TESTED) 
RAM MAP (NOT TESTED) 
DISK (NOT TESTED) 
KEYBOARD (NOT TESTED) 
ROM (NOT TESTED) 
RAM TEST 

MAKE TEST DISKS 

CHOOSE: 

ESC(C APE 


AC(CCEPT S(KIP 


The menu you actually see on the screen will show the ’TEST ALL’ option in 
inverse video. This is to indicate that if the ‘’A’ or A(CCEPT key is 
depressed, the inverse menu option will be selected for execution. Individual 
tests or the two special functions may be made candidates to A(CCEPT by 
S(KIPing through the list of menu options, with the ‘S’ or S(KIP key. As a 
menu option is S(KIPped, it is returned to normal video, and the next logical 
menu option is inverted or highlighted. 

Finally, the Diagnostic program itself may be exited by depressing the ‘ESC’, 
or ESC(APE key. Actually the TAB key performs this function as well. This 
feature allows diagnostics running on an Apple J[{ that use the same menu 
selection technique to ’feel’ the same. ESC(CAPing the Diagnostic tests will 
prompt the user to reboot. 
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TEST ALL 


AC(CCEPTing this option will sequentially perform all of the diagnostic modules 
below: 


VIDEO 
SOUND 
RAM MAP 
DISK 
KEYBOARD 
ROM 


Each of the Diagnostic modules operates in a manner identical to that 
encountered if each were A(CCEPTed individually. For a detailed discription of 
the various Diagnostic modules, consult the following sections for each module 


by name. 


VIDEO 


The VIDEO Diagnostic module will test all of the various screen and color 
modes available on the Apple ///. You will be asked to make a subjective 
evaluation of each of the video mode tests. Of course if you are not using a 
Color Monitor, you will not be able to verify that the colors used in the test 
are actually present. Users of B&W Monitors will only be able to observe the 
different colors used as 16 shades of grey. An additional inconvenience that 
B&W Monitor users will have to put up with is that many B&W Monitors are not 
capable of displaying 16 linearly arranged shades of grey with a single 
setting of the monitor controls. In the description of each of the video mode 
tests, a warning will be given if this problem is anticipated. 


The responses used for all of the video mode tests uses the format below: 


SPACE BAR e@eeeeoeevseeeseeeeen00280808080860838 80 TEST PASSES 


RETURN KEY eeoeeveeoeosveevuea7eneneaenve8e e888 6 @ TEST FAILS 
ESCAPE KEY eeeeevvseeaeeseeae@ eoceoeeveesveoesveo1sdseve 0 @ LEAVE VIDEO TESTS 
LEFT ARROW KEY @eeeeveveae0neoeende eee eee8 80 RETRY THE TEST 


Except for the text mode and 16 color tests, each of the tests will display 
the same pattern: A picture of Winston Curchill will appear in the upper left 
corner, and a grid of diagonal lines will appear in the upper right corner, 
followed by a prompt field at the bottom of the screen. 


1. HIRES MODE 1 — B&W pattern. 
2. HIRES MODE 2 —- B&W pattern. 


3. 280 x 192 COLOR HIRES MODE 1 - Will appear as a negative image. A color 


monitor will show red and black. 


4. 280 x 192 COLOR HIRES MODE 2 - Will appear as a green and white/ or yellow 
pattern. 
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5. SUPER HIRES MODE 1 - B&W pattern as inl. 
6. SUPER HIRES MODE 2 - B&W pattern as in l. 


7. AHIRES TEST 1 - On this and test 8, the screen will be divided into 4 
horizontal sections, each a different color. The top half of Winston and the 
diagonal pattern are blue. The first two lines of the message are green, and 
the last two lines of the message are gold or orange. You may expect to have 
difficulty resolving the gray scale differences that represent these colors on 
a B&W Monitor on this and test 8. 


8. AHIRES TEST 2 =— pattern as in 7. 


9. COLOR BAR & GRAY SCALE TEST - will display vertical bars of different 
colors. The border is blue. The colors, in order from left to right are: 
white, aqua, yellow ,green, pink, grey, orange, brown, light blue, medium 
blue, grey, dark green, light purple, dark blue, magenta, and black. 

When viewed on a B&W Monitor, these colors will appear as a grey scale 
darkening from: white on left to black on right. You may expect to have 
difficulty resolving the gray scale differences that represent these colors on 
a B&W Monitor on this test. Although you will not be prompted for a response 
on this test, you must respond in the manner defined above. (That is... press 
Space bar if test passes, etc.) 


10. APPLE II TEXT MODE 1 - This screen will display: 


THE QUICK BROWN FOX JUMPS OVER THE LAZY DOGS 


abcdefghi jklmnopqrstuvwxyz 0123456789 
(inverse) 


(flashing) 
11. APPLE Il TEXT MODE 2 =- will display: 


22 222222222222222222 
22222222222222222222 
22222222222222222222 
222 
222 
222 
22222222222222222222 
22222222222222222222 
22222222222222222222 
222 
222 
222 
22222222222222222222 
22222222222222222222 
22222222222222222222 


12. APPLE /// 40 COLUMN TEXT MODE - display will be divided into sixteen 
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blocks each of one of the sixteen colors white through black. Each block will 
have a text phrase in a complementary color that describes the background 
color. You may expect to have difficulty resolving the gray scale differences 
that represent these colors on a B&W Monitor on this test. Although you will 


not be prompted for a response on this test, you are required to respond in 
the manner described above. 


13. APPLE /// 80 COLUMN TEXT MODE - will display characters that are much 
smaller. In fact, you may expect to have difficulty reading these characters 
on a NTSC Color Monitor or Color Receiver due to the inherent 3.8 mhz 
bandwidth limitation of these types of displays. B&W composite video and RGB 
Color monitors will display this test screen in full splendor. 


SOUND 


1. SOFT BELL - The speaker will beep on and off. Press the space bar if you 
hear the sound. Press the return key of you do not. 


2. HARD BELL - Same as 1. above but at a different pitch. 


3. DAC OUTPUT - The digital to analog converter will produce a sound at the 
speaker output that periodically is of zero amplitude that grows in amplitude 
to be cut off again to zero amplitude. The change in amplitude should be 
regular and of constant pitch (except for the cut off of sound at max 


amplitude). 
RAM MAP 


This test does a cursory test of the ram to determine the configuration in the 
unit under test. The results will be displayed as a message discribing the ram 
map determined in the test. eg: 


RAM MAP GOOD FOR A 128K SYSTEM 


If the message does not correspond to the physical configuration determined by 
inspection, press press return key to reject test. If the message describes 
the true configuration, press the space bar. 


DISK 


At this time you will be prompted to remove the Apple /// Diagnostic Diskette, 
and to insert the Internal Drive Test Diskette. Previous to this point, you 
should have inserted any External Drive Test Diskettes in external drives as 
required. This setup is acknowledged by depressing the return key. 

You will then be required to enter the number of external drives connected to 
the unit under test. 

At this point the test runs automatically, terminated with a disk test summary 
for each drive specified above. 


Upon completion of disk tests, you will be prompted to reinsert the Apple /// 


Diagnostic Diskette. You will acknowledge this operation by depressing the 
return key. 
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KEYBOARD 


1. ALPHANUMERIC - depress each of the keys on the alphanumeric keyboard and 
verify that its representation on the display is removed. 

Three keys require special key stroke sequences to test their function. These 
sequences are described at the top of the keyboard test screen. If, after 
depressing all alphanumeric keys, some key representations remain on the test 
display, then type the sequence CTRL-S. 


2. SPECIAL FUNCTION KEYS — Depress the ALPHA LOCK key and note that the state 
of the ALPHA LOCK key changes. Leave the ALPHA LOCK key in the UP state. 


Depress OPEN APPLE key and note that its state is reported as down. 
Depress any key, (except SPACE or RETURN), and hold. Note the REPEAT SPEED. 


Anything from 5 to 15 / sec is acceptable. While holding a key down in repeat 
mode, depress the CLOSED APPLE key. Note that the REPEAT SPEED will increase 


to approximately double the normal rate. 

Accept or reject this test as prompted at the bottom of the screen. 

The SOLID APPLE key test will prompt you with a key stroke sequence that must 
be followed exactly. Perform the indicated operations as the test proceeds 
automatically. 

3. NUMERIC KEYPAD - same as in 1. above. 

ROM 


This test is a straight forward go, no-go test, that reports the message: ROM 
PASSES... / ROM FAILS... 


At this point, if you had selected the TEST ALL option, the main menu will 
appear with the test summary to the right of each of the test options. 
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OTHER DIAGNOSTIC OPTIONS 


The Diagnostic Diskette menu contains two other options that may be accepted 
for execution. These options are separated from the options described above 
because they are ‘one way’ trips, in that upon completion of the execution of 
these modules, you will be required to reboot the unit under test. These 
modules are described below. 


RAM TEST 


This test performs a thorough exercising of all ram contained in the system. 
This test takes several seconds to complete and should not be interrupted. On 
invocation of this module however, you are given the chance to return to main 
menu. 

Successful completion of this test module is indicated by the display of a 
diagnostic message on the upper left hand corner of the display. This message 
will contain a matrix of dots (.) and ones (1), if ram errors are encountered. 
These are placed in the matrix in a logical fashion. Ram chip failures may be 
determined by comparing ones (1) found in the displayed matrix against the ram 
chip locator matrix below. 


B9 BS B7 B6 BS B& B3 B2 * 
B17 B16 B15 B14 B13 B12 Bil B10 * 
B9 BS B7 B6 BS B4& B3 B2 
Bl7 Bl6 B15 B14 B13 Bl2 Bll B10 
C17 Cl6 C15 C14 C13 C12 Cll C10 
DI D8 D7 D6 D5 D& D3 D2 
D17 D16 D15 D14 D13 D12 Dll DIO 
C9 C8 C7 C6 C5 C4 C3 C2 


* DISREGARD THESE TWO ROWS ON 96K SYSTEMS 
NOTE: All other diagnostic messages displayed shall be disregarded. 
No prompt will be given to reboot the system under test. 


MAKE TEST DISKS 


You will use this module to prepare Drive Test Diskettes used in the DISK test 
module described above. 

Upon accepting this module you will be prompted to remove the Diagnostic 
Diskette. 

You will then be prompted to enter the drive number corresponding to the test 
diskette you wish to make. Enter this number <l = internal , 2..4 = external>, 
followed by depressing RETURN. 

You will be asked to insert a blank diskette into internal drive and 
acknowledge by depressing RETURN. 

The utility will inform you that it is creating the test diskette for the 
drive that you specified in the operation above. 

A “DONE message’ will be displayed on completion. You will be asked if you 
Want to make another diskette. If you reply “‘y’ the above process will be 
repeated, otherwise you will be prompted to reboot. 
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FEATURING: 


STARRING: 


APPLE /// SYSTEM OVERVIEW 


EXTENDED DISPLAY 
EXPANDED RAM 

NEW PROCESSOR DESIGN 
BUILT IN I/O 
APPLE LI. EMULATOR 


THE APPLE /// PROCESSOR 
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6502 INSTRUCTION SUBSET 
RELOCATABLE BASE REGISTER PAGE 


RELOCATABLE STACK 
256K BYTE ADDRESS RANGE 


VIDEO 
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NTSC COLOR COMPOSITE VIDEO 

NTSC B/W COMPOSITE VIDEO 

SYNC 

4 PRIMARY INDEPENDENT VIDEO LINES 

MIX TO FROM RGB APPLE COLORS 

THREE LINES CAN DRIVE TTL RGB MONITOR 
FOUR INDEPENDENT VIDEO OUTPUTS CAN BE 
GENERATED 


DISPLAY MODES 


tee + & 


+e + 


GRAY SCALE ON B/W OUTPUT 

RAM CHARACTER GENERATOR (128 CHAR.) 

40 X 24 CHARACTER B/W TEXT (2K BYTES RAM) 
80 X 24 CHARACTER B/W TEXT 

40 X 24 CHARACTER COLOR TEXT 

(16 BACKGROUND, 16 TEXT COLORS) 

280 K 192 B/W HIRES (8K RAM) 

560 X 192 B/W HIRES 

140 X 192 16-COLOR HIRES 

280 X 192 16-COLOR HIRES WITH 40 X 192 
BACKGROUND/FOREGROUND RESOLUTION 


1/0 


+e +e FF 


+ 


FOUR APPLE II BUS PERIPHERAL SLOTS 

ONE BUILT IN DISK DRIVE 

CONTROLLER FOR THREE ADDITIONAL DRIVES 
RS 232 PORT (COMPLETE) 

SILENTYPE PORT 

TWO PADDLE PORTS (A/D INPUTS) 

EXTERNAL SOUND JACK (STX BIT AUDTO, 


HARDWARE BEEPER 
EXPANDED VIDEO LINES 
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* =CLOCK/CALENDER 


I/O BLOCK TRANSFER 

* PERMITS UP TO L PAGE (256 BYTE) FAST 
I/O TRANSFER WITHGUT DMA HARDWARE ON 
PERIPHERAL 

* TRANSFERS AT UP TO THE RAM CYCLE RATE 

APPLE II EMULATION RESTRICTIONS 


* NO LANGUAGE OR ROM CARD 
* PADDLES ARE DIFFERENT 
* ENTER WITH SOFTWARE BUT ONLY RESET WILL EXIT 
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Apple III I/O System Programmer’s Guide Debugging Tools 


6.1 Development Monitor 


The current version of the diagnostic/boot ROM includes a monitor that may be 
useful for debugging. THE MONITOR IS NOT A PART OF THE SUPPORTED Apple III 
SOFTWARE AND IT MAY BE CHANGED OR DELETED IN FUTURE VERSIONS OF THE BOOT RO??. 
MONITOR SUBROUTINES MUST NOT BE CALLED FROM DRIVERS OR INTERPRETERS. 


6.2 Monitor Commands 


The monitor commands are listed below. Commands are read directly from the 
keyboard; blanks are not used except as data separators in a {byte list}. 
Command lines may be up to 79 characters long and are always terminated by a 
RETURN. Multiple commands may be entered on the same line using a slant (/) 
as a command separator. Numeric data is always entered in hex. ASCII 
strings may be entered by enclosing them in single or double quotes. If 
single quotes (*) are used, bit 7 of each byte will be clear; if double 
quotes ('') are used, bit 7 will be set. 


{address} ::= numeric value 0..FFFF 
{address range} ::= {address} | {address}.{address} 
{byte} ::=* numeric value 0..FF | Single byte string 
{byte list} ::= one or more bytes separated by blanks 
{block num) ::= numeric value 0..117 


{address range} Memory dump 
{address} : {byte list} Memory store 

{byte} < {address range} S Memory search 
{address} < {address range} M Memory move 
{address} < {address range} V Memory verify 

{block num} < {address range} R Read disk 

{block num} < {address range} W Write disk 

{address} G Subroutine call (JSR) 
{address} J Execute code (JMP) 

U Call user subroutine (JSR $3F8) 
X Repeat command line 
RETURN Continue memory dump 


When dumping memory, the output can be suspended then stepped by pressing the 
Space bar; pressing any other key will resume normal output. Pressing the 
TAB key will terminate processing of the commard line. 


6.3 Escape Commands 


Escape commands may be used during command input to move the cursor or 
control the display. Escape mode is entered by typing an ESCAPE; the cursor 
is changed to a flashing plus sign (+) to identify escape mode. Any 
character that is not an escape command will terminate escape mode. 


¢ or K© Move cursor up 

$ or JS Move cursor down 
+ or H* Move cursor left 
or US Move cursor right 
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Apple III I/O System Programmer’s Guide 


orn rr 


6.4 Zero Page Locations 


Clear to end of line 

Clear to end of page 

Home cursor and clear screen 
Set 40 column display 

Set 80 column display 


58 Window 

59 Window right 

5A Window 

5B Window bottom 

5C Horizontal cursor position 
3D Vertical cursor position 
74,75 Al 

76,77 A2 

78,79 A3 

7A,7B  A4 


6.5 Entering Addresses 


adrl 
adrl.adr2 
adr3<adrl.adr2 


6.6 Pointer Usage 


Memory dump: 
Memory store: 
Memory move: 
Memory verify: 
Memory search: 


Al, A2, A :™ adrl 
Al, A3 := adrl 
Al, A3 


A2 := adr2 
:= adrl A2 := adr2 


(Al) 

(A3) 

(A4) s# (Al) 
(AS) : (Al) 
A&4 3: (Al) 


17.4 


A4 


= adr3 


@goppia computer inc. 


APPLE /// LOGIC SIGNAL SOURCE 


The location of the signal source is described first by the page number of 


the schematic followed by its coordinates. 


SIGNAL 


655lsel* 
a0-a/ 
a8-all 
al2-al5 
abkl 
abk2 
abk3 
abk4 
ahires 
alllores 
altstk* 
apple i* 
apple ii* 
arO 
anyky 
arQ 

arl 

ar2 

ar3 

ar4 

ar5 

ar6 
audio 
ax,ax* 
axco 
bckswl, 3 
bl 


cO8xn-cOFxn 
cOxxn-c /xxn 


clm,clm* 
c14m, * 


c3,5m,c3, 5m* 


c/m,c/m* 
capLk* 
casO* 
casl* 
cas2* 
cas3* 
cas4,/* 
cas5, 6* 
ch80* 
clkbat 
clken80 


LOCATION 


5-4a 
4-4d 
4-4c 
4-4b 
3-2c 
3=-2c 
3=-2¢ 
3~-2¢ 
6-4a 
6-4a 
5-l1b 
9-4b 
9-4b 
3-3b 
9-4c 
3-3d 
3-3d 
3-3¢ 
3=-3c 
3-3c 
3-3b 
3-3b 
8-1b 
10—3a 
5-2a 
8-4b 
10—1b 
5-4a 
5-4b 
5-4b 
10—4c 
10-4c 
10-—4b 
9-4b 
3-2¢ 
3=2c 
3-2¢ 
3-2¢c 
3-2c 
3-2¢c 
6-4a 
5-2d 
6-2d 
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MEANING 


ACIA SEL 
ADDRESS BUS (EXTERNAL ) 


ADDRESS BANK 1 
ADDRESS BANK 2 
ADDRESS BANK 3 
ADDRESS BANK 4 
AHIRES 

APPLE II LORES 
ALTERNATE STACK 
APPLE SWITCH l 
APPLE SWITCH 2 
RAM ADDRESS X 
ANYKEY (DEPRESSED) 


ADDRESSS ‘MUX SELECT 


BANKSWITCH 
BLANKING 

ADDRESS DECODE 
ADDRESS DECODE 
CLOCK 1 MEGHERTZ 
CLOCK 14 MEGHERTZ 


CAPS LOCK SWITCH 
COLUMN ADDRESS SELECT (RAM) 


CHARACTER (80 COLUMN) 
CLOCK BATTERY 
CLOCK ENABLE 80 (COLUMN) 


clkirq* 
elrk1* 
clrstrb* 
colrgate 
comp 
control* 
cs6522 


cts 


c00x-c07x 


CXXX 
c~f£xxx 
d0-d/7 
daO ,da/ 
datatin 
dbO-db/ 
dcO,dc/ 
ded 


devsell, 6* 


dhires 
dmal* 
dmaok 


dphO,dph3 


dsply 
dsr 
dtrdy,* 
dtr 
dvO,dv/ 
dxo,dx/7 
en25/7 
en8304 
enbll,e* 
enbll,i* 
enbl2,e* 
enbl3,i 
encwrt 
enhree* 
ensel 
ensio 
PDLO 
ext* 
extspk 
ffcx* 

f fdx* 
ffex* 
fieldout 
fspace* 
gphl 
gph2 
ho,h3 
h4,h5 
hires 
hpe* 
idO-id/ 
ind* 
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CLOCK INTERRUPT 


CLEAR STKOBE (KEYBOARD) 
COLOR GATE 

COMPENSATE 

CONTROL KEY 


CLEAR TO SEND (EIA) 
ADDRESS DECODE 


EIA 


VIDEO BUS (CHAR GEN OUT) 
DATA CARRIER DETECT 

DEVICE SELECT 

DHIRES 

DIRECT MEMORY ACCESS IN 
DMA OK 

DISK (MOTOR) PHASE X 
DISPLAY 

DATA SET READY (EIA) 

DATA READY (KEYBOARD) 

DATA TERMINAL READY 

VIDEO BUS (RAM LATCH OUT) 
VIDEO BUS (COLOR LATCH OUT) 
ENABLE RAM BUS TO DATA BUS 
ENABLE MPU XCVR 

ENABLE DISK 1 EXTERNAL 
ENABLE DISK 1 INTERNAL 
ENABLE DISK 2 EXTERNAL 
ENABLE DISK 3 EXTERNAL 
ENABLE CHARACTER RAM WRITE 
ENABLE GRAPHICS REGISTER (LATCH) 
ENABLE EXT PRINTER SELECT 
ENABLE SERIAL L/O 

PADDLE ADDRESS 0 

EXTERNAL (DRIVE) 

EXTERNAL SPEAKER 


VIDEO STATE 
VIDEO STATE 


INTERNAL DATA BUS 
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inh* 
int* 
blankin 
ioen 
ionmi* 
Losell,4* 
Lostopd* 
fostrb* 
io sync 
irql,4* 
i r*/w 

i r/w* 
Kkbint* 
kbo* 
kreset* 
kvcc 
ldps* 
mix 

muxl 
nmi* 
ntsca,b 
0e374 
pa8 

pal5 
page 2 
peasO* 
peasl* 
peas2* 
peas 3% 
pdaint* 
pdl2 
pdlen 
pdlot* 
pg2* 

pho 
ponrst 
prasO, 3* 
prasl,2* 
pras4, 5* 
pras6, /* 
preim 
pwrdwn* 
q0,q3 
ram r/w 
ras, ras* 
ras0O, 3* 
rasl,2* 
ras4, 5* 
ras6,/* 
rbl 
rcelkpwr 
reolrgt 
rddata 
rdy 


5-4e 
7-2d 
8=-3c 
5-lb 
9-2b 
5-4b 
10-4b 
5-4b 
4=-3b 
5-3c 
4-2¢ 
4-3c 
9-2¢ 
5-3a 
9=-4b 
9-4b 
10—4c 
5-2a 
3-3c 
9-lb 
6-2b 
6-4a 
4-4b 
4-4b 
5-2a 
3-2d 
3-2d 
3-2d 
3—-2¢c 
5-le 
5-2a 
5-2a 
8-3a 
6-4a 
10-3a 
9-3a 
3-2b 
3-2b 
3-2b 
3=-2b 
10-4b 
5-2d 
10-3c 
3=-1b 
10-4b 
3=-1b 
3-1b 
3-1b 
3—1b 
10=1le 
5-2d 
10—le 
7-2d 
3-3a 
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INHIBLT (ROM) 
INTERNAL (DRIVE) 


I/O (DEVICES) ENABLE 

I/O NON MASKABLE INTERRUPT 
I/O SELECT 

I/O STOPPED 

I/O STROBE 

I/O SYNC 


INTERNAL READ/WRITE 


KEYBOARD INTERRUPT 


KEYBOARD STROBE(ENABLE KEY TO DATA 


RESET KEY 
KEYBOARD VCC 
LOAD PARARELL SHIFT REGISTER 


ENABLE COLOR LATCH OUTPUTS 
PROCESSOR ADDRESS 8 
PROCESSOR ADDRESS 15 


PROM CAS X 


POWER DOWN INTERRUPT (CLOCK) 
PADDLE ADDRESS 2 

PADDLE ENABLE (ADC RAMPSTART) 
PADDLE OUT (RAMPSTART) 


PROCESSOR 0 
POWER ON RESET 
PROM RAS X 


PRE 1 MEGAHERTZ 
POWER DOWN 
Q STATE (ZMEG) 


RAM ROW ADDRESS SELECT 


ROM BLANK 

CLOCK POWER 

ROM COLORGATE 
READ DATA (DISK) 
READY 
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rdy* 3-3a 

reset* 9-Zb 

resetlk* 5-1b RESET LOCK 

rfteld 10-1b 

rfsh 10=1b REFRESH 

rgbl,rgb8 6~3b RED, GREEN, BLUE 

romsel* 5-3b ROM SELECT 

romsell ' 5-lb 

romsel2 5-l1b 

rrfsh 10-1b ROM REFRESH 

rtcwrt 10-le ROM TIME CHARACTER RAM WRITE 
rts S-ic REQUEST TO SEND 

rsync 10-1c ROM SYNC 

rwpr 3~ib 

rwrprot 10-1b 

r/w 4=-3e READ WRITE 

s399 3-3a 

s50/60 10-1b SELECT 50 HZ/60 HR 
sco 5-lb SERIAL CLOCK 

scr 7-2e¢ SCROLL 

scrn 5-1lb SCREEN 

sel2m* 5-lb SELECT 2 MEG 

sel374 6-4a SELECT ORDER OF 374'S to dvx bux 
ger 5-1b SERIAL DATE 

shift* 9=-3c SHIFT KEY 

spkr* 5-3a SPEAKER (STROBE) 

sun4 3=-3d 

sum3 3-3d 

sum2 3-3d 

suml 3-3d 

synch 10-1b 

tewrt 10=1b TIME CHARACTER RAM WRITE 
text 5-2a 

tromsel 4-3a 

tromsel* 5~3d 

tsadb* 4-44 

txd 8-le« 

uselb 3=2¢ MICROPROCESSOR SELECT B RAM BUS 
vO,vl 10—2c 

v2,v5 10--2b 

va 10-2¢ 

vb,ve 10-Zc 

vbl 10-le 

we2114° 6-4d WRITE ENABLE CHARACTER RAM 
wrdata 7-2d WRITE DATE (DISK) 
wramen 10-4a WRITE RAM ENABLE 
wrprot 7-2d WRITE PROTECT 

wrreq 72d WRITE REQUEST 

x0, x/ 9-4c KEY SCAN 

yO,y9 9-4c KEY SCAN 

zO,2z/ 5~-lb ZERO PAGE ADDRESS BITS 
Zpage* 4=-4b ZERO PAGE 
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@fappia computar inc. 


HOW TO READ PROM (ROM) LOGIC EXPRESSIONS 


The single quote at the end of an expression means that the state of 
the signal is true when low, or it may represent the inversion of the 
State of the signal. 


Defines a logic AND operation. The expressions on either side of the 
asterisk is ANDed. 


Defines a logic OR operation. The expression on either side of the 
asterisk is OR’d. 


Defines the boundaries of a logic expression. A new expression is 
defined by what ever is inside of the brackets. 


RULES FOR INTERPRETATION 


1. Always interpret (transform) the expression within the brackets first. 
2 Interpret AND (*) logic operations before OR (+) operations. 


EXAMPLE : 


Given: 


LOGIC REPRESENTATION: 


INPUTS: AIISW’ HIRES TEXT 
MIX V2 V4 
VBL 


OUTPUT: DHIRES = (ALISW*HIRES* (TEXT+MIX*V2*V4) °+ALISW’ *HIRES ) *VBL’ 
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PROM 341-0043 


AzAll 
B=Al2 
C#A13 
D=A14 
E=LOSYNC 
F=SEL2M’ 
G=ABK4 
H=PA8 
I=A1L5 
J=ZPAGE’ 
D0=#S399 
Dl=PRDY’ 
D2=IND’ 


S399 =ZPAGE*PA8’ *A15°*A14°*A13° *Al2*ALL 
PRDY ’ LOSYNC*SEL2M*ABK4 


IND’ =( ABK4* (ZPAGE*PA8’ ) * ) “ 
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PROM 341-0042 


A=A13 
B=All 

C=AL5 
D=IND’ 
E=DHIRES 
F=ABK1 
G=ABK2 
H=ABK3 
I=A14 

Jeay’ 
DO=PCAS4 , 7’ 
D1=PCASS5, 6’ 
D2=PCAS1’ 
D3=PCAS2’ 


PCAS4, 7° =(AY* IND“ *ABK3’ *A15° *(ABK1 *ABK2°+ABK1 ’ *ABK2 )*(A14’*A13+A14%A13’ )+AY* 
IND*ABK3’ *(ABK2’ *ABK] ’ *A15+ABK2° *ABK1+ABK2*ABK1 ’*A15°)*A14°+AY* IND’ XABK1 * 
ABK2*ABK3° *(A15° ®A14° ®A13+A15%*A14 ’ *A13’ )-+AY* IND*ABK3 ’ *ABK2*(Al15 ’ *ABK1+A1 5% 
ABK1’ )*(A14’ *A13°+A14*A13)) ’ 


PCAS5 , 6° =(AY* IND’ *ABK3“ *(ABK] *ARK2 ’ +ABK1 ’ *ABK2)*(A15 ° *ALG*AL3+A15*%A14’ A113’ + 
AY* IND*ABK3’ *( ABK2° *ABK] ’ *A15+ABK2’ *ABK1+ABK2*ABK1 ’*A15’ )*A14+AY* IND’ XABK1*® 
ABK2*ABK3°*(A15°*A14)+AY* IND*ABK3° *ABK2*(A1S’ *ABKI+A1 5*ABKI ’ )*(AL4 ’*A13+A14% 
A13°))’ 


PCAS1” =s(DHIRES *AY’+AY*(ABK1 ’ *ABK2 ’ *ABK3’* IND’ +ABK1 *ABK2*ABK3)*(A15 “*AL4°% 
A13+A15*A14°*A13% )+AY*IND*ABK] ’ *ABK2’ *ABK3°*A15“°*(Al4’*Al13°+A14*A13))’ 


PCAS2° =(DHIRES *AY’+AY*(ABK] ’ *ABK2’ *ABK3’ * IND’ +ABK] *ABK2*ABK3 )*(AL5 “*A14)+ 
AY* IND*ABK] ’ *ABK2° *ABK3’ *A15’*(A14’ *A13+A14%A13’))’ 
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ROM 341-0032 


AzA 

B=B 

C=s4 
D=VBL 
E=PAGE2 
F=AILSW’ 
G=HIRES 
H=MIX 
L=TEXT 
JaV2 

K=V4 
DO=PG2 
D1=SEL374 
D2=COLRKL’ 
D3=AHIRES 
D4=CH80° 
D5=0E374 
D6=ALILORES 
D7 =DHIRES 


PG2=ALLSW’ *(HLIRES*MLX’*TEXT ° )’*HIRES*PACE2*S4*VBL’ 


SEL374=( VBL‘ *(AII SW*( PAGE2 “*(TEXT +MIX*V2*V4) ‘+PAGE2*(TEXT +MIX*V2*V4 ) )+ 
ALI SW’ *( HIRES *( PAGE2*S4 ) ’+HIRES ’ *( PAGE2*S4) )))’ 


COLRKL’ =(ALLSW*TEXT +AIILSW’*(HIRES**(MIX+TEXT ’)+HIRES*TEXT ’))’ 
AHIRES=AILSW’ *(HIRES*MIX*TEXT ) 

CH80’ =(AII SW’ *MIX)’ 

0E374=(ALISW*HIRES’*(TEXT +MIX*V2*V4) ‘+AILISW’*MIX’ *TEXT )’ 
ALLLORES=AII SWAHIRES ’*(TEXT +MIX*V2*V4) ’+ALISW’ *HIRES*MIX*TEXT 


DHIRES#=(AILISW*HIRES*( TEXT +MIX*V2*V4) °+ALISW’ HIRES )*VBL’ 
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PROM 341-0046 0/7/80 


A=C1M 
B=C07 X’ 
C=RAMEN 
D=DSPLY 
E=LOSTOPD’ 
F2C=FXXX 
G=FSPACE’ 
H=R/WN 
IT=RWRPROT 
J=SEL2M’ 
DO=PCS6522 
D1=PHASEN 
D2=WRAMEN 


PCS6522=( LOSTOPD’ *C1M+F SPACE’ *C1M’ )’ 


PHASEN#( (SEL2M’ *CO7X’ ) ** LOSTOPD’ *F SPACE+FSPACE*C1IM’-hC1M’ *SEL2M*+C1M’ *DSPLY* 
RAMEN ) ’ 


WRAMEN#RAMEN* ( RWRPROT*C=F XXX) °*R/WN’ *(DSPLY*C1M’ ) ’ 
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PROM 341-0056 


A=All 
B=A13 
C=A14 
D=A15 
E=R/WN 
F=DHIRES 
G=AY’ 
H=ABK2 
I=PRAS1,2 
J=PRASO,3 
DO=PCASO’ 
D1=PUSELB 
D2=PCASO, 3 
D3=PCAS3’ 


PCASQ’ =( PRASO, 3 *(DHIRES’ *AY’ +AY*(A15’#A14°*A13° *AL 1° *R/WN’ +A15 ’ *A14°*A13°% 
R/WN+A15*A14’ *A13+A15*A14%A13°*A11)))° 


PUSELB =PRASO,3 (ALS ’RALG’ RAL3’ RALIFALS*AL4¥A13% HALL’ +A15%A14*A13)+PRASO,3 * 
PRAS1,2 *(AL5’*ALG’ XAL3+AL5*A14’ *A13’ )+PRASO,3 *PRASI,2 "*CAL5S’°*A1L4’ *AL3+A15°* 
A14*A13’)+PRASO,3 ’*PRAS1,2 *(A14’*A13’+A14%A13)+PRASO,3 “*PRASI,2 °*A14 


PCASO,3 =(PRASO,3 *(DHIRES’ *AY’ +AY*(A15°*A14’#A13’ RALI4+AL5*AL4*A13’ FALL +AL5* 
A14*A13))+PRASO,3 *( DHIRES ’ *AY’ +AY*(A15‘°*A14°*A13°*Al 1’ *R/WN’ +A15 “ *A14 '*A13°* 
R/WN+A15*A14’ *®A13+A15*A14*A13°*A11)))° 


PCAS3’ =(PRASO, 3 *(DHIRES’ *AY’ +AY*(AL5’ *A14’*A13°*ALIL+A1L5*AL4*A13’ KALI’ +AL5* 
A14*A13)))° 
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PROM 341-0044 KAS 


A=ABK1] 
BeABK2 
C#ABK3 
D=PA1L5 
E=AY° 
F=PA8 
G=ZPAGE’ 
H=DHIRES 
[=RFSH 
J=ABK4 
DO=PRASO, 3 
DI#PRAS1 ,2 
D2=PRAS4 ,5 
D3=PRAS6,/7 


PRASO, 3 =AY’ *( DHIRES’ +RFSH)+((ABK4*(ZPAGE*PAB’ )’)’+ABK1*ABK2*ABK3) *AY 

PRAS1,2 =AY’ *(DHIRES+RFSH )+AY*(ABK1 ’ *ABK2 ’ *ABK3 ’ * (ABK4*(ZPAGE*PAS ’)“°*PA15) ’+ 
ABK1*®ABK2*ABK3 )+AY*ABK3 “ ®( ABK1 “ *ABK2*ABK4* (ZPAGE*PAS8’ ) ’*PA15+ABK1 *ABK2*( ABKG*( 
ZPAGE*PA8’ )’*PAIS)’” ) 


PRAS4,5 =RFSH*AY ’ +AY*ABK2 ’ *ABK3’ *(ABK1 ’ *ABK4*(ZPAGE*PAS’ ) °*PA1L5+ABK1 *(ABK4*( 
ZPAGE*PA8’ )“°*PA15) °) 


PRAS6,/ =RFSH*AY” +AY*ABK3“ *(ABK1 *ABK2 ’ *ABK4*( ZPAGE*PAS’ ) ‘*PA15+ABK1 ’ *ABK2*( 
ABK4*(ZPAGE*PA8’ )’*PA15)° ) 


17.16 


@gappla computer inc. 


PROM 341-0045 U/76G 


A=C5XXN 
B=R/WN 
C=C6 XXN 
D=INH’ 
E=ROMSEL’ 
F=DMAI’ 
G=FSPACE’ 
H=PH2M 
I=C7 XXN 
J=CXXX 
DO#EN257 
D1=EN8 304 
D3=RAMEN 


EN257=(PH2M*R/WN*ROMSEL’ * INH’ *FSPACE“ *(C5SXXN *COXXN*C7 XXN*CXXX) *) ° 
EN8 3045( PH2M*FSPACE’ *ROMSEL’ *DMAI” ) ’ 


RAMEN#@ROMSEL’ * INH’ *FSPACE ‘ *(CSXXN #C6XXN*C7 XXN*CXXX) ” 


17.17 
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PROM 341-0055 U/75./ 


A=VA 

B=VB 

C=VC 
D=VAl 
E=VBl 
F=VCl 
G=DHIRES 
H=SCR 
I=WE2114° 
J=VBL © 
DO=MUX1 
Dl=MUX2 r 
D2=MUX3 
D3=ENHREG’ 


MUX1=( (DHIRES ’+SCR*(VAAVAL’ +VA’ #VAL)+SCR’#VA)*#VBL’ +VBL) ’+VBLAWE2114°*SCR#VC] 


MUX2=( DHIRES*(SCR*(VAAVA]*(VBAVBI ‘+B’ *VBL)’+(VAAVAL) ‘*(VB#VBI‘+VB’*VB1))+VBe 
SCR’ ))’ 


WU X3=DHIRES* (SCR&( (VA*VAL*(VB+VBI )+VB*VB1)*(VC*VC1’+VC’ *VCL) °4+(VARVAL*(VB4 
VB1)+VB*VBI)’*(VC*VCI°+VC’*VC1) )+VC*SCR’ ) 


ENHREG’ =DHIRES ’*WE2114’ 


wo 


17.18 
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aSCT: 


DEC 


oO O™m™mN WW £ UW to — @ 


- 
= 


ASCif OCTAL HEX 


I9G 
$91 
G02 
903 
G94 
005 
906 
007 
G1G 
G11 
912 
013 
914 
G15 
916 
G17 


920 
G21 
G22 
923 
G24 
G25 
G26 
927 
G39 
931 
932 
933 
934 
935 
936 
937 


Conversion Tablas 


BINARY 


76543210 


G9GGOGGO 
99999001 
9G9GGG10 
90090011 


990961909 


$09G9101 
99000119 
99000111 
$99G19GG 


GGGG1001 


99001914 
99091011 
99991199 


99901191. 


99991110 
99001111 


99919009 
G9G19GG1 
999190016 
99919911 
999 1810G 
99919191 
99919119 
GOP1P111 
99G1190¢ 
99911901 
99911910 
09911611 
99911109 
99911191 
99G1111¢ 
99911111 


] { 


ASCII Conversion Tables 


wae. 


w 


DEC ASCII OCTAL HEX 


“17.19 


OZ SZrAuwn TO MMM OCAW FX 


mN KK ES CHANDA "IV 


ee) 


1G 84¢G 
191 341 
162 42 
19343. 
14 44 
195 3945 
196 46 
107 47 
119 = 48 
lll 8 49 
112 4A 
113° _. 4B 
114° “4c 
115 4D 
116 4E 
117 GF 
129 5@ 
121 51 
122 52 
123. 53 
124 54 
125 55 
126 56 
127 357 
136 8658 
131 59 
132 5A 
133 5B 
134 5c 
135 SD 
136 SE 
137 SF 


O° Rey ata ar foun sMnaingy OM yam. - 


BINARY” 
76543210 


919099900 
B1GGGEGT - 
J1GPGGGIT- 
91900011 


B1AGO TOP 


91900101 
91909119 
91990111 
91991900 
91991001 
9190141 
91991011 
91901199 
91001101 
91991119 
91901111 


91919090 
91910001 
91910019 
9191611 
919191900 
G19lglgl 
91919119 
91919111 
91911900 
9191191 
$191191¢ 
91911911 
9191119¢ 
91911191 
91911119 
PiGl1iil 


C2 
ea 
‘o) 


wn §- Go to 


WW lo Ww WwW L) WwW W Lod 


4 


| ae ee Se Oe Se ae 


SOW EW hr BO OW +4 D 


i-~ +. HON 8 Rk MH Se 


WOMDURWAKWNHYKAQ ~X- 


ren VW u A we ee 


ASCII OCTAL 


440° aa 


041 
G42 
943 
G44 
G45 
B46 
047 
G5@ 
051 


“'''§52 


953 
954 
055. 
56 
G57 


969 
G61 
$62 
$63 


G64: : 
G65.» 


966 
967 
979 
G74 
972 
973 
G74 
g75 
976 
$77 


HEA 


@happia computer inc. 


“t i wth 3, Pere 
BINARY 
a ed 


29199001 
99100010 
99109011 
09199190 
99100191 
99109110 
9910G111 
99191909 


99191001 


20191010 


"9G1G1911 


"99199000 


” 
oy 


99101100. 
09101101. 
99101110 


99191111 


99 1 199OG 
991109001 
99119919 
$9119@11 
09116199 


G9119191 


99119119 
9G119111 


99111916 


GOILIGIL 
90111100 


99111161 


09111114. 


99111111 


GOILIGOD 


105 
106 


128 
"227 


DEC ‘ASCII OCTAL HEX 


6 
07 
OS 4,'. 
99 
7 
Vay eT Sy 
192 
143 
194 


- 


eons BK RrOH 


—— 


107 

198, 

16:9 , 
11. 
lll 

112 0% 
113 
114 
115 
116 
117 
118 
119 


122 
123, 
124° 
125... 
126 
127 


17.20 


roe ne Aandp-. 


¢ 


INS KES GA HHA. 


14g 
141 
142 
143 
144 
145 
146 


(147 


15¢ 
151 
152 
153 


154 


155 
156 


157 


169 
161 


162 


163 
164 
165 
166 
167 


171 


(172 
3 
174, 
175 

176 


177 


BINARY 


911900009 
91192901 
91190019 
911009011 
91190190 
911909191 
91198119 
$911@G111 
G1191900¢ 
G11G19G1 
91191919 
911919011 
9119110¢ 
911011G1 
91181119 
91191111 


91119009 
G1L1L19OG1 
91119010 
91110911 
91119190 
91119191 
91119119 
G1l19111 
9111190¢ 
911119001 
91111919 
P1LLIGL1 
9111110¢ 
PL11111G1 
G111111¢ 
91111111 


SERVICE AND SUPPORT NQTICE 


wor > ete wie 
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APPLE /// INTERLACE KIT: INSTALLATION INSTRUCTIONS 


A. INSTALLING THE APPLE /// INTERLACE KIT ; 


NECESSARY TOOLS: . 
#1 and #2 Phillips Screwdriver: i a 
Needle Nose Pliers 
Apple /// Interlace Kit 


1. Remove the Apple /// Main Logic Hoard (the bottom tray need not to be removed 
from the Main logic Board) and top, cover. For instructions on: remoying the Mair 
Logic Board refer to page l. 15 of the Apple TTT. Technical Procedures. — fet Apt 
CAs 6 Sul 
2. Place the Main Logic Board on a flat surface in front of you. so that the 3 Pin 
Molex Connector at J-19 is Yocated to your right. Refer to the {llustation of 
the A/// Main Logic Board (Figure. 1). Due ‘to the fact that a’ small percentage 
of Main Logic Boards have had the 3 Pin Molex Connector at J-19 clipped, it is 


necessary to inspect the connector. If the 3 Pin Connector has not been clipped 
then proceed with the installation instructions... If the Main Logic Board has 


had the 3 Pin Connector clipped you.will need to. obtain a Main Logic Board with 
the connector in plage. 
9) 
B4I-0990-0 342-0145-A 
3. Locate the IC socket. at G-9 and remove the old IC. Insert the New IC into ther 
empty socket with the: snotch .on top of the chip facing toward. the front as shown 
in Figure l. ( Aek, fone 5.) re Fe 14,3 | 3: (2, It (9: pie oF Sete 
Renard 
4. Locate the Disk Drive. Ribbon. Cable. -hole in the casting see Figure 2). Insert 
and route the Inter lace Switch and - -attaching wires: through the. hole :as shown. 


5. Turn the Apple /// right side-up aad locate. the square hole in. the upper right 
hand corner of the casting (refer~fo Figure 2). This is. the hole you will 
install the Interlacé Switch in. "Because of. the’ lack of. room, it will be 
necessary to hold the hex nut with needle nose pliers. ‘Insert the switch into 
the square hole and turn the switch clockwise vacit it Fits snug against the 
casting. 


6. Reinstall the Main Logic Board. Be sure the two pin Molex connector is 
connected to the lower pins of the 3 pin Molex connector at J-19 such that the 
lowest pin (refer to Figure 1) marked pin #3 has two wires going to it. Note 
the orientation of the ten pin Molex connector so that the 4th pin marked pin #7 
at J-20 is connected. 


7. Make all the necessary connections to the Main Logic Board and reinstall. 
Replace the Apple /// cover and make the necessary connections to hook-up the 
Apple /// to the external drive and monitor. Boot any word processor, switch on 
Interlace to verify that it is functioning properly. 


8. If you have followed these procedures correctly, the space normally found in the 
characters will be filled in when the Interlace is activated. 


Apple /// Interlace Kit 12/15/83 Liane one Readand<Poet 
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INSTALLING THE MOLEX CONNECTOR ~ 


CAUTION: Any damage to the Main Logic Board resulting from the improper 
soldering of the three-pin Molex connector will be the responsibility of the 
Dealer. Apple will not accept such a board as an.exchange module. 


Remove the solder and/or wires from the holes marked J-19 on the Main Logic 
Board. The directions below for desoldering explain how this is done. Place 
the Molex connector in the holes. If the connector is a two pin Molex 
connector, place it in the two holes closest to the keyboard end (front) of the 
Main Logic Board. Finally, solder the connector to the board. The directions 
below for soldering explain how this is done. Be careful not to hold the 
connector by the metal leads as these leads heat up very quickly and can burn 
your fingers. 


Soldering = 


The first step is to properly clean and tin the soldering iron. It is important 
when soldering to avoid. a cold solder joint. Proper soldering technique to 
avoid this calls for heat to be applied to the solder joint by a solder pencil 
or gun before placing the solder on the joint. When the joint is heated, bring 
the solder to the joint and allow the solder to flow over the parts being 
soldered, in this case the connector and printed circuit board pads. When the 
solder starts flowing, stop feeding more solder but keep the solder pencil or 
gun heating the joint. This will boil the solder flux away from the parts and 
allow the solder itself to adhere properly to the parts. Be careful not to 
apply too much heat as this can damage semiconductor components and cause 
printed circuit board pads to lift away from the board. Finally, remove the 
pencil or gun and keep the soldered joint stationary while it is cooling. After 
the joint has cooled, the parts can be moved. It doesn't take much solder to 
make a connection and too much solder tends to short the connection to nearby 
components, so use solder sparingly. 


Removing Solder or Wires: 


The best way to remove solder is with solder wick. Another method to remove 
solder is with a solder vacuum. To use the wick, the end of the wick is placed 
over the solder joint and then heat is applied to the joint until the solder 
melts. The solder will flow up the solder wick. The wick is then removed and 
the used end piece is cut off of the wick. This process is repeated until there 
is no solder left on the joint. To use the vacuum, the solder joint is heated 
with the solder pencil or gun until the solder is flowing. The vacuum is then 
placed over the joint and the solder is sucked into the vacuum. This process is 
also repeated until no solder remains. 


After removing the solder, the parts. can be freed by heating them once more and 
Separating them with a pair of pliers. If this takes any noticeable pressure at 
all; if it does too much solder remains on the joint. Care must be taken with 
printed circuit board pads so as not to pull the pads off of the board. 
Likewise, component leads must not be pulled: off of the components and the heat 
weakens the bond between the leads and the components. BE CAREFUL! 


If the old solder cannot readily be heated to flowing, usually the addition of 
some fresh solder will cause both the new and old solder to flow. As with 
soldering parts together, a clean solder pencil with fresh solder applied to it 
gives the best results for melting solder or heating up components. 
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\ J 19 PLACE CONNECTOR 


ON FRONT TWO PINS 
APPLE // LOGIC BOARD 
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